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ENQUIRY CARD AD. 1 


Water lily and valve... beauty in pure lines and beauty in pure sound. One designed by 
Nature, and the other by Brimar for true-to-life reproduction and consistent reliability. 


better rely on = 


N.Z. Distributors: - 


Srondard Telephones and Cables (Ply) Limited “ITT 


ASSOCIATE 
Auckland, Box 571; Upper Hutt, Box 140; 
B.1 
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Specifically designed for the fastidious 
HEWLETT-PACKARD Model 606A HLF. Signal Generator 


Specification: 


SERVICE 


Frequency range: 
Frequency Accuracy: 
Output Impedance: 

Calibration Oscillator: 
R.F. Output Level: 
Frequency Drift: 
Leakage: 
Modulation: 
Frequency: 


USES: 


Modulation 


PRICE: 


AND CALIBRATION 


50 khz to 65 mhz in 6 overlapping ranges 

+ 1% 

50 Q 

100 and 1,000 khz 

Continuously variable 0.1 uy to 3y RMS into A 50 Q load 
< 0.0005% or 5 hz for a 10 minute warm up 

Negligible 

Amplitude 0-100% Sine, square or complex waveform 
400 and 1,000 hz internal, external DC-20 khz 


Driving Bridges, existing antennas, plotting filters, measuring 
receiver characteristics, T.V. alignments. 


Duty paid delivered anywhere in N.Z. £708/15/0 $1419.00 


~PACKARD 


An extra measure of quality 


HEWLETT (A 


PROVIDED. SPARE PARTS ALWAYS AVAILABLE 


FACILITIES 
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If lions used transformers. They would shop ATC 


And why not? ATC can supply any kind of transformer, be it 


a manufactured stock line or ‘tallor-made’ to your specifications. 


All ATC transformers are the result of solid design, years of 


practical experience and rigid standards. With the _ rapidly 


changing world of electronics you can be sure that transformers 


AUCKLAND TRANSFORMER CO LTD. 


20 EDEN STREET, 
PHONES 51-307, 549-280, 544-126 


NEWMARKET, 
TELEGRAMS “TRANSFORMA” 


from ATC are the latest in design, built for today’s conditions. 


ATC service does not stop at transformers they produce Battery 
Chargers, Earth Monitors, Demagnetisors and many other servic2s 
including their new line of Constant Voltage Transformers. For 


the full ATC story write for the new catalogue. 


AUCKLAND 
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HEAVY CURRENT 
TEST TRANSFORMER 


MODEL HTL/64 


Used for several years by a well 
established test laboratory, the EXACTOR 
MODEL HTL/64 TEST TRANSFORMER 
was developed by technicians and_ is 
regarded as an indispensable item of 
test lab. equipment. 


It can be used for either primary or 
secondary injection testing and is small 
and compact. There are two separate 
but electrically identical primary wind- 
ings connected in parallel for 230V oper- 
ation and series for 400-460V. 


Terminations for the 5 secondary wind- 
ings are on top of the transformer 
and 230,400 & 110V terminals are 
insulated and are on completely separate 
panels. This makes the unit safe in 
operation. 


Mimic diagrams on panels enable the 


Nominal Rating 4.8 kVA operator to find suitable link arrange- 
Primary Volts 230/400-460 ments for any experiment and staggered 
Secondaries 4 x 15V 80 amp Continuous terminals prevent shorting coils. 


1 x 3.3 x 80 amp Continuous 
(for Buck/Boost operation) 


1 Tey 15 sive for tbners etc. Comfortable handles enable the 


Peguiation 6.9% transformer to be carried by one man 
Max. Current 3,500 amps for 2 sec. for short distances, e.g. from car to test 
1,000 amps for 2 mins. site. 
300 amps for 2 hours. 
Control Input Variac Type W20G2 or Transformers can be paralleled if neces- 
a a eee Resistance) sary, for higher currents or voltages. 
ize 2 2 


SOLE DISTRIBUTORS :— 


am (Ge Pee es: eo 


BOX 873 — PHONE 62-254 — CHRISTCHURCH 
BOX 8150 NEWTON — PHONE 16-100 — AUCKLAND 
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100% fT 


EFFECTIVE EFFICIENCY 


10.0 


20s 79.0.4 
FREQUENCY GC 


The upper traces show efficiency range of hp’s 
478A; lower trace shows non-hp manufactured 
mount. 


Hewlett-Packard 478A Thermistor Mount with new custom-calibrated 
efficiency plots, traceable to NBS where possible, delivered with every 


mount! 


INCREASED MICROWAVE 
POWER-MEASURING ACCURACY! 


The missing link in power-measuring 
accuracy has been bolometer efficiency! 
The power meter accuracy .is specified; 
mismatch-loss charts permit correction 
for mismatch. But what about efficiency? 
You can go to a great deal of trouble 
reducing instrumentation error to 0.5% 
. .. and still wind up with 10% or more 
over-all error because of low mount 
efficiency. 


Now bolometer efficiency is specified 
too . .. and only by Hewlett-Packard! 
Using a unique calibrating system that 
permits production-line testing, Hewlett- 
Packard now delivers every Model 478A 
and 486A Thermistor Mount with a 
nameplate labelled with a plot of effic- 
jency at six frequencies across the band 

. a guide to necessary correction for 
maximum accuracy. The nameplate also 
plots the calibration factor, which takes 
into consideration the thermistor mount 


SWR. 


SAMPLE 


SERVICE AND 


ELECTRONICS (N.Z) 


8 Matipo St., Onehunga, Auck., S.E.5., Phone: ‘567-3560 


CALIBRATION 


And the automatic calibration of :these= 
mounts is traceable to NBS in those fre-~ 
quency areas where NBS offers mount: 
efficiency services. = 

The calibration at points not yet on 
the NBS schedule is based on interim 
standards established at Hewlett-Packard 
after years of designing, manufacturing 
and testing thermistor mounts. Literally 
thousands of tests and measurements 
have gone into the development of these 
standards, including cross-check against 
NBS-calibrated mounts wherever pos- 
sible. Thus efficiency data is provided 
at many points in addition to those on 
the NBS schedule to facilitate interpol- 
ation and help you make more accurate 
power measurements more easily. For 
convenient access, the data is stamped 
directly on the nameplate of each mount. 


FACILITIES PROVIDED. SPARE 


HEWLETT 


PARTS 


AND NOW YOU CAN GET DBE; 
TAILED INFORMATION ON THE 
BROAD RANGE OF MICROWAVE 
POWER-MEASURING TECHNIQUES: 
HEWLETT-PACKARD APPLICATION 
NOTE 64, “MICROWAVE POWER 
MEASUREMENT.” 


This new application note provides to- — 


day’s most complete and current inform- — 


ation on microwave power measurement. 


It discusses fundamentals of power, 
instruments for microwave power 
measurement, power measuring tech- 


niques and power level control... all 
with extensive treatment of accuracy 
considerations. 


Here’s today’s most complete and 


authoritative dissertation on microwave 


power measurement. It’s yours for the 
asking. Just ask Sample Electronics for 
a demonstration of the 478A and 431B 


tT 


fn 


PACKARD 


ALWAYS AVAILABLE 


An extra measure of quality 


Ist DECEMBER, 1965 RADIO, ELECTRONICS AND COMMUNICATIONS - 7 


Radio, Electronics 


W/ 


Formerly Radio and 
Electrical Review 
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CONSULTANT EDITORS: Editorial 
C. W. Salmon, M.N.Z.LE., 
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by M. F. Stanl 
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vance, post free throughout the 
world. 
* * * 
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This stainless steel 
tape is one reason 
_ why our new low’ = x 
cost X-Y recorders stay accurate to 0.1°/) 


2 


We call it the “direct-drive tape.” It is part of the rugged, Sp-cifications: 
Static accuracy—9.1% 
Dynamic accuracy—0.2% 


ER 
1 


single-loop, linear, ball-bearing drive system which replaces 


tne complex pulley and string drive you have been Repeatability—0.05 7 
J 18 Calibrated D-C Ranges— 

accustomed to in other X-Y recorders. Based on 15 years 1 my/in. to 20mv/in. 

: - SVaipe 5 : 2 + ob! & 
of experience in building premium quality recorders, these er iranes NBDE e: Sages Oe 
versatile instruments are new in concept, quality and High input impedance 
reliability in the low-price field. Both the 84” x 11” and Calbieted muir range aise Gs: 

Zener diode reference supplies 

11” x 17” recorders offer such valuable features as precision One board length of zero suppression 


Plug-in disposable ink cartridge 


slide-wire feedback potentiometers; a quiet vacuum system Reick ioe fable smount ie eae iaetrce ane 


which will hold any size or shape of paper; zener diode EAI Variplotter(R)—1120 (82% x 11”)— 
Say ae ee : : Sac $U.S.1450. 
reference; built-in time base; and all solid-state circuitry EAI Variplotter(@)—1130 (11 x 17%)— 


for as little as $U.S.1450. $U.S.1790. 


(Note: Prices and specifications subject to change without notice. F.O.B. West Long Branch, New Jersey. Prices apply U.S.A. only.) 


EAI- 


ELECTRONIC ASSOCIATES, INC., West Long Branch, New Jersey ase : 
Advanced systems analysis and computation services/analog computers/hybrid analog-digital computation equipment/simulation systems/ 
scientific and laboratory instruments/industrial process control systems/photogrammetric equipment/range instrumentation systems/test 
and check-out systems/military and industrial research and developnent services/field engineering and equipment maintenance services. 


Sole New Zealand representatives :— 


& K \ N ap D P.O. BOX 3097, AUCKLAND. TELEPHONE 34-541 
\ \ ® e M C 4 | y| e PRIVATE BAG LOWER HUTT TELEPHONE 699-864 


We maintain our own servicing and calibration laboratory in our Lower Hutt Office, 437 Hutt Road, Lower Hutt 
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Petters from SReadero 


Bir, 

I am anxious to obtain — 
borrow or buy — plans for the 
bass horn of the Klipschorn. 
These may be published in some 
periodical. If so I would be 
glad to know where — and 
get hold of a copy. Or, one of 
the readers may have this in- 
formation, and/or plans. 


I wonder whether one of your 
readers may be able to help? 


At the moment I am inter- 
ested in the transistorised ampli- 
fier articles, and thinking in 
terms of 8-10 watts channel I[ 
am interested in the efficiency 
of the bass horn. Incidently the 
bridge circuit published in the 
August ‘Gramophone’ works well, 
with some power loss, and the 
centre derived channel is well 
worth it with wide spaced 
speakers. 

Thanking you, 

D. J. KEALL, 
Matawhero, 
Gisborne, R.D. 1. 


We hope one of our readers 
may be able to assist you either 
directly or through this ee 

—kEd. 


Sir, 

In your September issue of 
Radio, Electronics & Communi- 
cations there is a circuit for a 
stereo amplifier. 


However on page 14 in the 
preamp circuit there is a con- 
denser in which the value has 
been left out. 


Would you please send me 
the value and working voltage. 
The condenser is about one inch 
below the first transistor. 


R. K. DAHL, 
Palmerston North. 


The information you requested 
was published as a note in 
October issue. A cutting of this 
correction has been posted to 
you in case you do not have 
the issue on hand. —kEd. 


Sir, 

I have been given a copy of 
the circuit of a transistor stereo 
amplifier which, I believe, was 
featured in the September, 1965, 
issue. Unfortunately the value 
of the electrolytic capacitor in 
the emitter circuit of the first 
RCA 40233 in the pre-amp is 
unmarked in my diagram, as is 
the rating and type number of 
the power transformer. 


I would be grateful if you 
could give me details of these 
two components. 


Could you also please give 
an idea of the output power rat- 
ings of the amplifier. 


Z. A. PETHERICK, 
Auckland. 


It appears you do not have 
the complete article which dis- 
cussed the transformer and out- 
put power ratings. Therefore a 
copy has been sent to you. We 
have also sent you the details 
of capacitor as they appear in 
a note in October issue. 

—Ed. 
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NEW CABINETS 


Designed for the _ stereo 
amplifier system as appeared 
in the September issue of 
Rea Beco Gs 


Suitable for any amplifier 
93” long x 7’ deep x 34” high 


Suitable for any amplifier 
12” long x 8’? deep x 44” high 


Large instrument case suitable for — 
any instrument and electronic appli- 
cation. 


12”, long x 74” deep x 77” high 


RADIO TRADERS LTD. 


For all Your Chassis, Components, Transformers, etc. 


243 HOBSON STR., AUCKLAND. P.O. BOX 2619. PH. 24-774 
Trade Enquiries to: R. P. STUBBING LTD. 
P.O. BOX 2619, PH. 24-774 
TELEGRAMS ‘“RADTRAD” AUCKLAND 


== 
HEATHKIT' ¢ | DAYSTROM 
—_Z 
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Have a HEATHKIT for CHRISTMAS 


THESE KITS ARE EITHER STOCK OR ARRIVING ON SHIPS BEFORE CHRISTMAS 


First Come—First Served. 


AA 13E 
AA 23E 


AA 191E 3 watts mono amplifier 


15 watts mono amplifier 


25 watts mono amplifier 


£22/2/0* 
£31/8/0* 
£11/7/0* 


EF 1E VIVM Application series—How to use VIVM £6/19/0 


EK 2AE Educational Kit First Set £15/16/0 
EK 2B Educational Kit Second Set £12/13/8 
EUW 17. Transistor Power Supply £12/5/3 
GC IA Transistor Receiver Communication Type £60/10/0* 
GDP 134 “Neli” Transistor Ignition Universal £23/16/0 
HD 11 “Q" Multiplier £11/2/6 
HD 20 Crystal Calibrator £10/3/8 
HM 10A_ Tunnel Dipper £23/16/0 
HO 13E Hamscan Adaptor £56/0/0 
IG 52E TV Sweep Generator £48/3/0 
IM 12E Harmonic Distortion Analyser £39/0/0 
IM 22E Audio Analyser £40/0/0 


ha. 


DISTRIBUTED BY: 


P. H. ROTHSCHILD & CO. LTD. 


P.O. BOX 170 LOWER HUTT 


83 PRETORIA STREET 


IM 30 Transistor tester and Analyzer £37/8/0 
IP 12E Battery Eliminator £33/14/0 
IT 10 Transistor Checker £6/12/6 
IT 12E Signal Tracer £14/6/6 
336 EHT Probe £3/1/3 
AG9U ~~ Audio Generator £27/7/10 
AV3U Audio VTVM £20/0/0 
AW 1U Audio Wattmeter £20/0/0 
GD 1U Grid Dip Oscillator £14/8/0 
HFG 1 Signal Generator £48/6/0 
RF 1U Signal Generator £16/15/0 
309 c-U RF Probe £1/18/9 
HM 11 Reflected Power Meter £10/17/3 
IG 102E RF Signal Generator £20/2/0 


IM11E  VTVM £18/17/0 
* Plus 20% Sales Tax. 


TELEGRAMS “FRANDS” 
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PHILIPS Yariable trans 


Philips variable transformers are designed and 
manufactured with such care that they will give 
reliable service over a long period of life. They 
are available mounted in a durable, attractive 


case or without the case for panel mounting. 


%*& Can be mechanically coupled for series, 


parallel or 3-phase (star connected) operation. 
* Accurate and uninterrupted regulation. 
% Individual units rated up to 2 kVA. 


%*& Low weight, small dimensions. 


%* Continuously variable from zero to 20% 


above input voltage. 


* Highly efficient due to extremely low “no- 


load” losses. 


* Toroidally wound. 


IMPORTANT! & Low cost. 


Recently released overseas and an ESSENTIAL 
for all TV service work is the new Philips % Suitable for ganging and combining. 
double-wound ISOLATING variable transformer. 


These transformers have a power rating of 
350 watts which is more than sufficient for * All models available ex stock. 


all TV service work. They are available for 
bench mounting complete with fusing and 


voltmeter, or for panel mounting. Further BS 


particulars on request. Limited stocks only 


ere. cvaieple: Write or telephone today for further particulars 


Illustrated catalogue available. 


P.O. Box 6415, Telephone 54-039, 


ELECTRONIC DEVELOPMENT WELLINGTON. 


P.O. Box 9338, Telephcne 545-082, 


AND APPLICATIONS CO. LTD. 548-576, 


AUCKLAND. 
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In Action —— 


‘*Klectronics in Action’’ is the theme for the first 
national electronics conference, sponsored jointly 
by the New Zealand Electronics Institute Inc. and 
the Institution of Electronic and Radio Engineers 
(N.Z. Section). The conference will be held next 
year in Auckland commencing on August 17, 
for four days with excursions and social activities 
up until August 20. 


It will be the first opportunity for N.Z. engineers, 
scientists and technical personnel to attend a con- 
ference solely devoted to electronics and to gain 
benefit from technical lectures as well as from 
discussions with others in their fields. Co-ordination 
between various personnel in Government depart- 
ments, universities, and commercial firms can benefit 
the electronics industry immensely. Only too often 
are two or more organisations working in parallel 
fields without knowledge of one another’s common 
developments and problems. 


Electronics does not enjoy sufficient recognition 
in New Zealand. To often it is casually classified 
along with other research and development projects. 
How many scientific organisations do not need 
electronics in some form or another to assist in their 
work? Both industry and the Government depart- 
ments must realise this in their clamour for profes- 
sional and technical staff and thus there is a need 
for collaboration between a composite body and 
the employers. Certainly the universities and 
technical colleges are offering all the assistance 
they can, but only through public recognition of 
electronics as a profession can more students be 
encouraged to enter what will surely be one of the 
most active and rewarding professions. This then 
is the secondary aim of the conference — to provide 
recognition and urge consolidated support amongst 
those concerned. 


The conference will provide expert coverage of 
a wide range of topics catering for the majority 
of persons and these will be detailed later under 
the following major sections: data handling; 
modern communications (radio and television) ; re- 
search electronics; industrial electronics; medical 
electronics; electronics in aviation and meteorology ; 
nucleonics; electronics education. Additional 
activities will include a large scale trade exhibition, 
excursions, technical film showings and social in- 
tertainment. It is envisaged that specialist papers 
will be provided typically covering applications of 
electronics in fields such as VLF propagation, fre- 


quency and time measurements, NMR studies, power - 


engineering, industrial controls, geophysics, 
chemical engineering, soil testing, biological re- 


search, upper atmospheric and ionospheric research, 
acoustics, mechanical engineering and so on. The 
recent eleventh New Zealand Science Congress did 
provide opportunities for discussions on the basic 
theory of work done in these fields, but did not 
allow for discussion on the means by which elec- 
tronics were employed. This is felt to be most 
important, for a worker active in a_ particular 
unrelated field should have knowledge of the equip- 
ment being used, and be able to realise, the ways 
in which techniques can be improved. Often one 
application of a system can be adapted for use in 
different circumstances. For this reason the con- 
ference will also be of value to those engaged in 
work other than pure electronics. 


Wy st 


the uwu.y of the -assocla.. 
im, a aa Hu 
tie’ ELECTRONICS — 
— CONGRESS 
906, | T 
ev) IS PLANNED 
im-} A three-day electronics con- Pre 


abert ference for New Zealand E: 
re he ‘engineers and technicians, tradi. 
: ‘sponsored by the New Zealand, incurt 
1, he Electronics Institute and the Sund 
Ottery Institution of Electronic and Zeal 
are he} Radio Engineers (London) is its 
With proposed for August, 1966, in| publ 
‘med | Auckland. 
Pot-' An organising session was,the iff 
‘held at Auckland University net yp. 
d,with Professor K,  Kreiel-: Publis! 
1 Sheimer, of the physics prietor 
Vv department, as acting-'and th 
|chairman. Representatives of Domir 
Orelthe Naval Research Labora-|Septer 
‘ of tory, the Auckland Industrial) “E 
4. | Development Laboratories, ! pan 
ife,|local industry and the twoico 
‘rs.|Sponsoring societies attended. | Ja 


MV -wahg = 


Reproduced from N.Z. Herald 


| 


Many comments have been made about the 
apathetic response of the ‘‘industry’’ toward what 
must be beneficial co-operation, and the organisers 
of ‘electronics in action’ believe action will be the 
solution. Not only is action required of the 
organisers but more importantly, the engineering, 
technical and_ scientific personnel who should 
attend. Those who wish to ensure that they will be 
kept informed of all arrangements should return 
the Enquiry Card on page 38 suitably marked 
Reference No. EC38 and show their name and 
address. Initial enquiries regarding presentation 
of papers should be made to The Secretary, National 
Hlectroniecs Conference, P.O. Box 3325, Auckland. 
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SILICON-CONTROLLED RECTIFIERS 


trom AWA 


These RCA types cover your 
most important current requirements 


6 TYPES PRICED FOR HIGH VOLUME USE. 


2N3528 2N3529 2N3228 2.N3525 2N3668 2N3670 
2 Amp IFRMS 2 Amp IFRMS 5 Amp IFRMS 5 Amp IFRMS 12.5 Amp IFRMS 12.5 Amp IFRMS 
200 VRM(rep) 400 VRM(rep) 200 VRM(rep) 400 VRM(rep) 100 VRM(rep) 400 VRM(rep) 


...AND.3 TYPES FOR HIGH-RELIABILITY USE ~ 


2N1770-78 2N1842A-50A 2N681-90 
7.4 Amp IFRMS 16 Amp IFRMS 25 Amp IFRMS 
25-500 Vrm(rep) 25-500 VRM(rep) 25-600 VRM(rep) 


Whether your design has application in stepless control, in mass-produced line- 
operated appliances, or in commercial and industrial power control, relaying, or 
other switching functions, RCA SCR’s offer the extra design features for operation at 
full name-plate rating. Available only from AWA. 


AMALGAMATED WIRELESS (AUSTRALASIA) N.Z. LTD. 


2nd Floor, Commerce House, Wakefield Street, P.O. Box 830, Wellington, Tel. 43-191 


P.O. Box 1363 P.O. Box 2084 P.O. Box 932 P.O. Box 1026 P.O. Box 467 
AUCKLAND CHRISTCHURCH PALMERSTON NORTH DUNEDIN INVERCARGILL 
Tel. 10-129 Tel. 62-158 Tel. 83-671 Tel. 88-058 Tel. 89-777 
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A 30 WATT AUDIO AMPLIFIER 


For studying the performance of the EL503 an 
experimental output stage was constructed in 
which the tubes are operating under idealised 
conditions. This output stage consists of a low- 
distortion drive transformer, two tubes E503 in 
class AB push-pull adjustment, a standard output 
transformer and a variable load resistance con- 
nected across the primary. Stabilised supply 
voltages were available for the anodes and screen 
grids (Fig. 1). 


265V 


Balance 
Py 3S 
one ee 
I a 


100 LF 


Stabilised | 
supply voltage | ty 


7246820 


Fig. 1. Experimental output stage with 2 pentodes EL503 in 
class AB push-pull operation. 


In order to reduce even harmonic distortion the 
symmetry of the drive voltages to the control grids 
can be adjusted with potentiometer Pl. The supply 
voltages to the anodes and to the screen grids can 
also be individually adjusted to compensate for 
d.c. losses in the output transformer and in the 
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Fig. 2. Drive voltage (Vi), total anode current (Ia), total screen 
grid current (Ig2) and distortion (Da) as function of 
the output power measured across Raa. 
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on application note from Philips 
on the EL503 in class AB push-pull operation 
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Fig. 4. Complete amplifier operating with 265 Vdc and de- 


livering 30 watts with less than 0.5% distortion at an 
input voltage of 0.2Vrms. 


smoothing choke. The output power was measured 
across the primary of the output transformer. 

It should be noted that when the amplifier is 
driven into class B operation (maximum output 
power) the resistance of the primary causes a 
considerable power loss; if r is the resistance of 
one half of the primary the power supplied by the 
output tubes can be expressed as follows: 

Raa+2r 
Ps = P (measured in Raa). 
Raa 

The curves of Fig. 2 show that for Raa = 2400 
Ohms and r 110 Ohms, 36.5 watts of output 
power are available at 5% distortion. In this case 
the output tubes have to supply: 
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Fig. 3. Output power as function of the load resistance Raa 
for 5% and 10% distortion respectively. 
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(a) Required input voltage, anode and _ screen grid 
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(b) Frequency response for various input voltages. able output 1s 10.5 Vrms; for 44 watts 14 Vrms 
is required. 
2400 + 220 : : sae 
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2400 when the supplied output power (Ps = 40 watts) 


is related to the total anode-dissipation of the tubes, 


At 10% distortion the available and the supplied ¢ 
the power efficiency 


output power are 44 watts and 48.5 watts respec- 
tively (Fig. 3). Continued on page 35 
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PROBES for use with Oscilloscopes 


by M. F. Stanley * 


Improvements in the design of oscilloscope vertical amplifiers and 
the requirement for higher orders of measuring accuracies, have resulted 
in the requirement for higher input impedances presented by the oscillo- 
scope to the waveform source under investigation. 

Various probes are manufactured which reduce the loading effect 
of the oscilloscope and this article describes the principle types used. 


In recent years the many major 
advances into the various fields of 
technology have resulted in the re- 
quirement for oscilloscopes with 
more stringent specifications. These 
requirements have included higher 
orders of amplitude measuring 
accuracies, with vertical amplifier 
bandwidths extending to 100Mc/s 
and beyond. 


However, such improvements 
that are made within the instrument 
itself are of no advantage if termin- 
ation of the vertical amplifier input 
socket is made _ indiscriminately. 
Thus when observing the waveform 
on the oscilloscope screen, the 
question is always with us. Is what 
we see a true representation of the 
waveform, as it was before we con- 
nected the oscilloscope to the 
source? 

The input terminals of most typi- 
cal vertical deflection systems con- 
sist of a shunt resistance of 1M® in 
parallel with a small shunt capaci- 
tance of 12-47 pf: When we con- 
nect an oscilloscope to a waveform 
source, we should always consider 
whether this resistive capacitive 
loading caused by the vertical in- 
put circuit has altered in any way 
the waveform that existed before 
connection was made. 

Figure one shows an equivalent 
waveform source connected to a 
vertical input circuit of an oscillo- 
scope. The source is considered as 
a perfect generator in series with 
an internal impedance Zg. 


TO VERTICAL 
O---- AMPLIFIER 


OSCILLOSCOPE INPUT 

Figure one: The equivalent circuit of the 
vertical input to an Oscilloscope 
shown connected to a wave- 
form source. 


WAVEFORM SOURCE 


When the source voltage eg is 
applied to the vertical input cir- 
cuit of the oscilloscope, a small 


signal current will flow into the re- 
sistive capacitive |= combination 
which represents the vertical input 
circuit. This small signal shunt cur- 
rent can cause a noticeable voltage 
drop across the source impedance 
Zg. Such a voltage drop can pos- 
sibly change the amplitude or shape 
of the waveform at the vertical 
input socket. Thus the resulting 
display on the oscilloscope screen 
is not a faithful reproduction of the 
original waveform. 

Providing that the waveform 
source has no rapid rates of change, 
then the loading effect of the ver- 
tical input shunt capacitance is 
small, and very little distortion in 
the shape of the applied waveform 
will result. However, if the source 
impedance Zg is large the ampli- 
tude of the applied waveform can 
be reduced due to the loading 
effect of the shunt resistance R of 
the oscilloscope input circuit. 

If rapid rates of change are pre- 

sent in the applied waveform then 
relatively large signal currents will 
flow in the vertical input shunt 
capacitance. This large current flow- 
ing into the capacitance has a wave- 
form which differs from that of the 
applied voltage waveform, and 
will cause a corresponding voltage 
drop across the source impedance. 
The resulting distortion can include 
both shape and amplitude and will 
be greater when the source imped- 
ance Zg is large. 
_ Thus if the internal impedance 
Zg of the source is small, then the 
loading effect of the vertical input 
circuit has only a relatively small 
effect upon the amplitude or shape 
of the displayed waveform. 


Oscilloscope Probes 

Many oscilloscopes have _ listed 
among their accessories, various 
forms of probes and cables, to be 
used as connecting links between 
the device under investigation and 
the input to the vertical deflection 
system. The principle types of 
probes used are the simple or direct 


probe, the passive or active high 
impedance probe and the high 
voltage probe. 


Direct Probe 

The simplest connecting link for 
use with an oscilloscope is in the 
form of a coaxial cable with a probe 
tip. The cable. or ptobe lead can 
add to the vertical input shunt 
capacitance of the oscilloscope as 
much as 20pf to 50pf depending 
upon the length and type of cable 
used. 

This is exemplified when using 
the probe lead TM 8120 with the 
Marconi oscilloscope TF 1331A. 
The probe shunt capacity is approxi- 
mately 30pf which, when added to 
that of the oscilloscope’s vertical 
input capacity, will give an overall 
input shunt capacity of 60pf. This 
extra capacitance must be con- 
sidered when trying to establish an 
accurate representation of the wave- 
form under investigation. 


High Impedance Probes 

If whilst using the probe lead 
and oscilloscope as desribed above, 
full use is to be made of the oscil- 
loscope’s vertical amplifier band- 
width capabilities, the source im- 
pedance of the waveform generator 
under investigation must always be 
relatively low in value. Figure two 
shows the amount of attenuation 
that occurs with increasing source 
impedance, at a frequency of 1 
Mc/s, using a direct probe with 
the TF 1331A. 
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Figure two: Variation of attenuation with 
source impedance. 


If the waveform source imped- 
ance is high, or higher frequency 
components are present in the sig- 
nal, or perhaps a resonant circuit 
is to be investigated, then the low 
input impedance presented by the 
oscilloscope with or without the 
simple probe lead, can result in 
erroneous signals being displayed. 
To avoid this undesirable loading 
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effect the vertical input shunt capaci- 
tance must be sufficiently reduced, 
thus increasing the input impedance 
of the oscilloscope. This condition 
is achieved by the use of a high 
impedance probe. 

There are two types of high im- 
pedance probes in general use. A 
passive device which uses a com- 
pensated voltage divider technique 
and the other an active device using 
the cathode follower. 


Passive Probe 

The simple circuit of the high im- 
pedance passive probe is shown in 
Figure three (a) with the equivalent 
circuit in Figure three (b). 
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Figure three: (a) The basic circuit of a high 
pass.ve probe. 
(b) The equivalent circuit of 


Neglecting the compensating 
capacitors Cl and C2, the basic volt- 
age divider probe consists of a 
length of coaxial cable in series 
with a large value resistor Rl. When 
the probe is used between the 
waveform source and the oscillo- 
scope’s vertical input terminals, the 
amount of resistance which loads 
the waveform source is increased. 
Thus the amount of signal current 
flowing into the vertical input cir- 
cuit is reduced resulting in less 
amplitude loss and waveform dis- 
tortion at the source output ter- 
minals. 

However a voltage division now 
occurs, the voltage divider being 
made up of the input resistor R1 
and that of the shunt resistance of 
the oscilloscope R2. The ampli- 
tude of the signal at the vertical 
input terminals is reduced by the 

R2 
factor ; 
R1 + R2 

The values of RI and R2 are 
usually chosen to give a convenient 
attenuation ratio, the most common 
being 10 to 1. In general, oscillo- 
scope vertical input circuits have a 
shunt resistance of 1M, and R1 is 
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adjusted to be 9MQ, giving an over- 
all input resistance of 1OM®2. 

It is desirable to maintain this 
attenuation ratio practically con- 
stant for low and high frequencies, 
therefore the probe must have some 
form of frequency compensation 
for the entire frequency range over 
which it is to be used. If RI and 
Cl is made equal to R2 and C2 
then the two time constants are 
equalised and the probe will attenu- 
ate all frequencies of the applied 
voltage waveform in the same pro- 
portion. In practice the capacitor 
Cl, located in the probe head, is 
made variable so that the frequency 
compensation of the divider can be 
carried out by the user. This facil- 
ity is very necessary due to the 
variation of vertical input shunt 
capacitance that occurs from one 
oscilloscope to another, and indeed 
in some cases from one vertical in- 
put attenuator step to another. 

It is therefore advisable before 
using a high impedance probe with 
an oscilloscope to ensure that it is 
correctly compensated. This can 
easily be carried out by applying 
to the probe suitable square wave 
signals, and adjusting the variable 
capacitor Cl until the flatest top is 
displayed as shown in Figure four. 


5 C, ADJUSTED TOO SMALL 
b C; ADJUSTED CORRECTLY 
A C; ADJUSTED TOO LARGE 


Figure four: (a) Shows the condition where 
the shunt capacitance C; in fig. 3 (b) has 
Re 
made the attenuation ratio of ———— 
Ri + R» 
greater at high frequencies then the at- 
tenuation ratio of medium and low fre- 
quencies. (b) The condition where the shunt 
capacitance C, of the probe resistor Ri, fig. 
3 (b), has been adjusted correctly to give 
the same attenuation ratio at high frequen- 
cies to that at medium and low frequencies. 
(c) The probe capacitance C; has been made 
too large and the attenuation ratio at high 
frequencies is lower than that at medium 
and low frequencies. 


Low capacity coaxial cable is used 
to minimise the amount of distri- 
buted capacity that is added to the 
vertical input shunt capacitance C2. 
Also with R2 very high, of the order 
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of 1M®, the cable is presented with 
a serious mismatch when viewing 
signals from a low impedance 
source. This can cause distortion of 
pulse waveforms with fast rise-time, 
and it is usual therefore for the in- 
ner conductor of the cable to be 
made resistive, the value of which 
is chosen to give the best possible 
wave shape. 

An example of the very latest 
in the design of high impedance 
probes for use with oscilloscopes 
is a new probe manufactured by 
Marconi. 

This probe has primarily been 
designed for use with Marconi In- 
struments oscilloscopes whose ver- 
tical input circuits consists of 1M 
shunted by approximately 30pf. It 
can also be adjusted to suit other 
oscilloscopes having vertical input 
shunt capacitances ranging between 
10 and 60pf; the bandwidth of the 
probe is reduced with oscilloscopes 
having large values of shunt capaci- 
tance. 

A unique feature is the addition 
of a switch to enable the user to 
switch from an attenuation ratio of 
x 10 with input resistance of 10M 
to that of x 1 with input resistance 
of IM. The switch action is 
achieved by a simple action of 
rotating the probe nose through 
60° with location assured by a posi- 
tive click action. Thus the user has 
the choice of the two types of pas- 
sive probes housed within the one 
probe body. 

Other features include greater 
robustness due to a specially de- 
signed inner conductor in the 
coaxial cable, an input capacitance 
of only 9.5pf (x 10) or 7Opf (x 1) 
when used with a vertical input cir- 
cuit of 1M shunted by 30 pf, and 
a rise time of approximately 7 n 
sec (x 10). The rise time of the X1 
position will depend upon the 
source impedance of the applied 
signal. 

Figure five shows the response 
of the probe when used with a 
Marconi TF 2200A oscilloscope. The 
source impedance presented to the 
probe was 5002 an dthe pulse rise 
time 1 nanosec. The excessive dis- 
tortion that can occur to pulses with 
fast rise times is demonstrated in 
figure five (bottom). Here the low 
input impedance of the X1 position 
of the probe is seen loading the 
502 source impedance of the pulse 
generator. 
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Figure five: Pulse response of the Marconi 
Instruments passive probe when used with 
the osclloscope type TF 2200A. 

(a) Shows the response of the Oscilloscope 
to a pulse of risetime <1 nanosec with a 
source impedance of 500. 

(c) Demonstrates the excessive Pulse distor- 


tion that can occur when the waveform 
source is loaded by a low impedance. 


High Voltage Probes 

When viewing voltage wave- 
forms the amplitude of which is 
greater than the allowable voltage 
rating given in the manufacturers 
instructions, recourse must be made 
to a special high voltage probe. 
These operate in a similar fashion to 
that of the lower-voltage divider 
probes, but with a higher attenu- 
ation factor. 

Typical d.c. ratings are 12 kilo- 
volts with an input shunt resistance 
of the order of 100M® and a shunt 
capacitance of 3pf. 

For voltages in excess of 12 kilo- 
volts a capacitive voltage-divider 
probe is recommended. This type 
of probe can handle signals with 
amplitudes of the order of 50 kilo- 
volts. A typical capacitive high- 
voltage divider probe is shown in 
Figure six. 
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VALVE SCREENED CABLE 
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EARTH 
Figure sx: A Capacitive voltage divider 
probe circuit where the first capacitor Ci 
is a high voltage rectifier valve. Use is made 
of the valves anode to cathode inter-elec- 
trode capacitance, which can be of the order 
of 1 to 2 pf. Breakdown voltage is often in 
excess of 15 KV. The value of C3 is obtained 
from the addition of the distributed cable 
capacitance and that of the Oscilloscope 
vertical input shunt capacitance. 


Active Probe 


When viewing waveforms of low 
amplitude, the attenuation factor of 
the passive high impedance probe 
is not wanted due to the require- 
ments for higher gain conditions in 
the vertical amplifier system. To 
overcome this problem requires the 
use of a specially designed ampli- 
fier with the probe. The amplifier 
consists of a miniature valve con- 
nected as a cathode follower with 
the probe tip connected to the 
control grid and the ground lead 
connected to the grounded end of 
the cathode circuit. The output is 
taken from the cathode and fed 
into the vertical input socket of the 
oscilloscope. 

The high input impedance of this 
probe is achieved due to the char- 
acteristics of the cathode follower, 
which are that its input resistance 
is very high usually greater than 
100M2, and its input grid capaci- 
tance is low, namely: — 

Cin = Cga + Cgk (1-A) 
Where A is the gain of the cathode 
follower, 
Cga is the grid to anode 
capacitance of the valve, 
Cgk is the grid to cathode 
capacitance of the valve. 

A typical active probe circuit Is 

shown in Figure seven. 
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Figure seven: The basic circuit of a typical 
cathode follower probe. 


This circuit will present to the 
waveform source being investigated 
a load consisting of 8pf in parallel 
with 10M2. The 85 coaxial cable 
connecting the probe housing to the 
vertical input socket is matched at 
the probe end by the output resis- 


tance of the valve and at the oscil- 
loscope end with an 822 resistor. 

This method of connection causes 
the loss of nearly half the voltage 
amplitude of signal but ensures 
good pulse response and a flat fre- 
quency response which is less than 
0.5 db in error at 30 Mc/s. How- 
ever, this type of cathode follower 
circuit is essentially of the small 
signal wideband type and the input 
signal is not recommended to ex- 
ceed 3V p-p for faithful reproduc- 
tion. 

Cathode follower probes can, 
however, be obtained with attenu- 
ator heads when the input signals 
exceed a few volts in order to mini- 
mize amplitude distortion. 

The operating voltages for the 
cathode follower valve are gener- 
ally obtained directly from the 
oscilloscope’s power supply via a 
special socket usually located on 
the front panel of the instrument. 
Detector Probe 

A further type of probe used in 
the response analysis of tuned cir- 
cuits is that of the detector probe. 
Aligning a tuned circuit is usually 
done visually by sweeping the 
bandwidth of the circuit with a high 
frequency f.m. voltage. As only 
the shape of the response is desired 
and not the high frequency carrier, 
the output signal from the tuned 
circuit is detected by the probe be- 
fore being applied to the oscillo- 
scope vertical input. 

There are many types of detector 
probes but basically the probe con- 
sists of a diode detector circuit which 
can be of either the series type or 
the shunt type, the former being 


the most sensitive is shown in 
Figure eight. 
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Figure eight: A demodulator probe, series 
type. 

Conclusion 

It has been shown that for a 
faithful reproduction of a waveform 
voltage due consideration must be 
made to the loading effect of the 
vertical input circuit of the oscillo- 
scope. Various probes are manu- 
factured to minimise this loading 
effect, the characteristics of each 
type being designed for use in 
solving their particular measuring 


problems. 
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Fast Rise 
Quadruple Pulse 
Generator 


By W. R. STEPHENSON, B.Sc. * 


INTRODUCTION 

A need existed at Physics & Engineering Labora- 
tory, D.S.I.R. for a fast rise multiple pulse generator 
in order to test high speed logic circuits, and mea- 
sure resolution time of counters. At the time the 
project was started no such instrument was available 
commercially. 

In fast rise generators, avalanche circuits have 
the advantage of simplicity, and disadvantages of 
limitation of amplitude by transistor dissipation, 
limitation of repetition rate by long recovery time, 
and instability in certain configurations. After con- 
sideration of these facts, avalanche circuits were 
adopted throughout. 


SUMMARY 


The generator has four channels. It delivers a 
positive or negative pulse of one volt amplitude 
into 70 ohms, on each channel. Output pulses from 
each channel may be delayed from 200 ns to 5 us 
with respect to a synchronising pulse, in one range. 
The synchronising pulses may be triggered extern- 
ally, or internally with rates from 1 ke/s to 30 ke/s 
in five ranges. The length of output pulses from 
each channel may be varied from 20 ns to 2.5 us 
in 11 ranges. In the present version, charge storage 
effects in the output transistors limit the current 
Switching performance. ‘‘Current on’’ has a 0.8 ns 
switching time accompanied by a 200% overshoot, 
and “‘current off’’ has a 10 ns switching time. These 
may be improved. (See Appendix Two). 


GENERAL DESCRIPTION 


Fig. 1 is a functional and timing diagram which 
indicates the way in which the basic units are com- 
bined to achieve the desired pulse forms. As the 
avalanche mode is not well known, a preliminary 
discussion of the fundamentals will be given. 

If Vee is sufficiently high, the collector potential 
of the transistor in Fig. 2(a) has two stable states. 
If the emitter-base junction is biassed off the col- 
lector assumes a potential — (Vg — Vbb), where 
Ve is the collector-base breakdown voltage for 
which Ico is multiplied by collision to the constant 
eurrent [Vee —(Vg — Vbb)]/Re. If the emitter- 
base junction is biassed on, the collector assumes a 
voltage Vx with respect to the base. Ve is the 
voltage at which avalanche multiplication replaces 
carriers lost in diffusion across the base. 


* Scientist, Physics and Engineering Laboratory, D.S.LR., 
Gracefield, Wellington. 
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1 
Now V« is required to produce a multiplication — 
to} 
(8 is the fraction of carriers leaving the emitter 
that arrive at the collector) while Vg produces a 
multiplication of Ie/Ico. As Ico is the order of a 
few va normally 
Ie 1 
Segui 
Ieo 8 
Hence as multiplication increases with collector-base 
voltage, in general 
[VB] > |V«| 
Consider now the variant of Fig. 2(b). In the 
normal state, the emitter-base junction is held off, 
and is triggered on by a negative pulse to the base. 
The emitter current then rises, and the capacitor 
begins to discharge rapidly. This can occur at 
hanosecond speed as the carriers are subject to a 
large accelerating potential, and carrier densities 
are high because of ionisation. 


Thus in a few nanoseconds the collector potential 
rises to less than V« (because of excess carriers in 
the base). If the trigger is kept on, the collector 
will recover to Vx, but if it is removed after the 
initiation of the avalanche, Ce charges via Re and 
Vee until the collector again reaches Vg, when the 
transistor is ready for the next trigger pulse. 


If Vb is supplied by the network in Fig. 3, the 
circuit can function in two distinct ways. 
Vee — (Va — Vb) (Vbb — Vb) 
(a) If =< 
Re Rb 
collector current is smaller than the current in 
Rb, there is always current in the diode, and 
the emitter-base junction is always biassed off 
by the forward drop of the diode. Each time 
the circuit is triggered, it goes through the 
eyele described above, and remains inactive 
until the next trigger. 
Vec — (Vs — Vb) 


then the 


(Vbb — Vb) 
(b) If, however, 


Re Rb 
when no charging current flows out of the con- 
denser, Ie must flow through Rb, the diode is 
biassed off, and the emitter junction is biassed 
on. 

When Ce is charging, Ie flows from Ce rather 
than through the base-collector junction, a current 
flows from Vbb through Rb, turning the diode on, 
and holding the emitter-base junction off. However, 
when the capacitor reaches (VB — Vb), the stable 
point, the constant current Ie flows in Rb, biassing 
the emitter junction on, making the capacitor dis- 
charge. Again Ie is switched from Rb to Ce and 
the cycle is repeated continuously. 

Vee — (Ve — Vb) 

That is, when > 

Re Rb 

the circuit functions as a relaxation oscillator. 


THE TRIGGER CIRCUIT See Fig. 4 


This regenerative trigger is provided go that 
positive and negative trigger inputs, and internal 


(Vbb — Vb) 
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trigger pulses of the repetitive mode may be con- 
verted to a standard input to the delay section. 

The circuit is a modification of Fig. 2. Repetitive 
or triggered operation is provided by switching 
either 2 ma or 1/5 ma through the OA 5 as described 
in the previous section. The diode-resistor com- 
bination in the emitter lead allows positive trigger 
on the emitter as well as negative trigger on the 
base. The 47 ohm resistor limits the current during 
regeneration in order to prolong the life of the 
transistor. In the repetitive mode, the charging 
time of Ce, hence the period, is altered by coarse 
variation of Ce and fine variation of Ic by altering 
Re. Re is driven from a — 185 volt point in order 
that a wire wound potentiometer can be used 
without exceeding the dissipation of the transistor. 
In the same way, the maximum collector current is 
limited to 2 ma by the 56 K collector resistor. 

Provision is made in the ‘‘standby’’ position to 
stop this initial stage so that the steady state of 
the outputs may be examined. The output needle 
pulse is coupled to the delays by means of the 15pf 
capacitors. 


THE DELAY CIRCUIT See Fig. 5 


This is a diode current switching circuit, used to 
initiate a ramp on the base of a regenerative trigger. 
The diode is switched for a period greater than the 
maximum delay by a pulse from a blocking oscil- 
lator driven by a square loop ferrite core. 

In the steady state the avalanche transistor is 
biassed off, Ib flows as shown, and the base is at 
+V. When its anode is pulsed negative by means 
of the blocking oscillator output coil C, the diode 
is cut off. Then Ib begins to charge Ch, dragging 
the base negative. When the trigger point is reached, 
a time (CVRb) /Vece later, an output pulse occurs. 
For the rest of the square pulse, Ib flows through 
the emitter-base junction in the forward direction. 

Further regenerative pulses can occur by an 
unknown process unless Ce is chosen so that the 
relaxation period is greater than the square pulse 
length. 
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A blocking oscillator as in Fig. 6 using a square 
loop ferrite toroid was chosen to supply the low 
impedance square pulse. The delay circuit is given 
in Fig 5. The normal state is with Dez cut off as 
Vs > 12V for ASZ23. When the circuit is triggered, 
the collector rises to less than V« (< 12V for 
ASZ23). Hence a current of 100 ma flows in the 
50 turn winding, overcoming the constant m.m.f. 
of 2 500 ma. turn in the reset winding and driving 
the core toward the opposite direction of magnetis- 
ation. The initiation of switching is fast, as a large 
current flows in the coil as Ce is discharged. 


In the usual avalanche trigger the collector 
potential would begin to fall towards Vs, but here 
the switching flux linked with the 14 turn coil 
biasses the emitter-base junction on. The latter 
limits the rate of change of flux by the low imped- 
ance of the saturated emitter. When the flux has 
switched, the base bias is removed and the avalanche 
transistor collector returns to Vs. This means D2 is 
eut off, only 1 ma flows in the collector coil, and 
the reset m.m.f. drives the coil to the opposite 
direction of magnetisation. The pulse period is 
determined by the base emitter diode damping the 
flux change. As voltage equals rate of change of flux 


Ih¢ 
= 5 eb 

t 
Ib¢ 
So t = — 
Veb 


Where ¢ is the switched flux, twice the remanent 
flux of the material 
Veb is the turn-on potential of the emitter- 
base diode, 
"bh is the number of turns on the base winding 
and empirically, S = (Fe — K) T 
Where Fe is the applied m.m_f., 
K an m.m.f. associated with the coercive 
force of the ferrite, 
Sis the switching constant for the core, and 
T is the switching time. 
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FIG6 THE BLOCKING OSCILLATOR 


(HEAT SINI 


Above: Fig. 6. Blocking Oscillator. 
Centre: Fig. 7. Delay Circuit. 
Fig. 8. Output Circuit. 
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_ Fig. 9 and Fig. 10. 
Right: Fig. 11 and Fig. 12. 


TIME FORT ¢ TO CHARGE Cx 


The two 68 pf condensers bypass transient effects 
due to the avalanche which may make the ramp 
non linear. 

The practical embodiment of the delay is shown 
in Fig. 7. The emitter of the 2N649 is held at 
nearly its base potential, irrespective of current, 
thus defining the voltage V from which rundown 
_ Starts. Temperature effects of the OA5, 2N649, 
AAZI13 and ASZ23 are nearly compensating. Less 
than 1"8/°C variation of delay was noted. 

A 1K® resistor is included in the base lead of 
the ASZ23 to minimise loading on the output coil 
‘of the blocking oscillator. Without it, the blocking 
oscillator will not function. 

Part of Cb comprises the inherent 500pf emitter- 
base junction capacity of the ASZ23. 

The output pulse from the delay section is supplied 
via the high impedance of 2.2 K©® and 10pf in series, 
for a purpose explained later. 


THE OUTPUT CIRCUIT 


The output circuit is shown in Fig. 8. It is a 
monostable, current switching cireuit in which T» 
is normally conducting. In the stable state the 
voltage between the emitter and collector of To is 
is Vaxe and the current flowing (Vec — Vaz) / 
Rez. The transistor T: normally passes only a small 
current defined by the high value of Re: and equal 
to (Vee — Vs:) /Re:. It is this same current flowing 
in R: which reverse biasses the emitter-base junction 
of T: and causes the collector-emitter voltage to 
equal Vp. The circuit is triggered into its other 
state by the application of a positive pulse to the 
base of T: of sufficient amplitude to overcome the 
reverse bias. T: becomes more highly conducting 
and the voltage across it begins to decrease from 
Vzai to Vx. Most of this change of voltage appears 


| + —J 
a 
D. 


at the emitter of T» reverse biassing the base-emitter 
junction and reducing the voltage across the trans- 
sistor to Vase (Vai — Va«:) thereby stopping its 
conduction and reducing the voltage across Ri» to 
zero. All the current flowing in Re: now flows 
through C2 to the emitter of T: and thence through 
Ru. C2 is accumulating charge and the voltage 
across it is increasing. This increase is taking the 
emitter of T: more negative and this continues until 
the voltage across Tz is ~ Vp. At this point 
T: becomes highly conducting and the voltage across 
it drops to Vx» as it once more draws all the current 
flowing in Re The current is diverted from T: 
and the change of voltage at the emitter of T» equal 
to VB: — Ve» is communicated to the emitter of 
T: thereby reducing the voltage across that trans- 
sistor to Vai — (Vpe Ves) and returning it to 
the non-conducting state. The emitter of T: is re- 
turned to its original voltage of Vi volts below 
ground by the current flowing in Re: and the circuit 
is ready to be triggered again. The pulse length is 
very nearly [C2 (Va2 + Voi — Vp» — Vai) Ree] /Vee 
nanoseconds for units of volts, picofarads and kil- 
ohms. The relevant waveforms are given in Fig, 19. 

The 39 ohm resistors are to prevent ringing in the 
Ce wiring. 

When the 70 ohm terminated output plugs are 
removed, the — 270 volt supply is limited to — 30 V 
by the 2.2 K resistors in order to eliminate shock 
hazard. 

In practice, the parameters Vg and V« vary be- 
tween different transistors, and to achieve identical 
calibration on all channels, we can select matching 
transistors or alter the current defining resistor. In 
the latter case the output pulse amplitudes vary, 
but this was done on account of a local availability 
problem. 
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FROM UNREGULATED 
POWER SUPPLY 


0A126/18 


Above: Fig. 13. 


2.2K hSW 


FIGIS — 270 VOLT REGULATOR 


Below: Fig. 14. Unregulated Power Supply. 
Upper Right: Fig. 15. 270 Volt Regulator. 


OAZ 202 
Lower Right: Fig. 16. Twin Regulated Power = 
Supply. 
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—270REG. 


BOAZ 203 


100 
| -290¥. ON LOAD 


TO REGULATOR 


FIG.16 


250ma 


FIGi4 UNREGULATED POWER SUPPLY 


COMBINING PULSES 


As four 20 m.a. currents are to be switched, diode 
mixing of the outputs was rejected, as high current 
diodes do not operate at the fast rise times observed. 
Instead, these constant currents are merely switched 
into a common load. To meet the problem of chan- 
nels triggering one another, incoming transients 
are reduced by the 180 ohm resistor in each output 
which gives a transient attenuation of 2.5 times 
without unduly degrading the rise time. Also the 
emitter-base back bias on T: was made as large as 
possible consistent with the amplitude of the input 
signal which is limited by impedance consideration. 


POWER SUPPLIES 


Delay intervals, pulse periods and _ repetition 
periods are determined by constant currents derived 
from a high voltage negative supply. Thus to 
achieve low delay and pulse length jitter a well 
regulated supply must be used. Similarly the trigger 
points of stages must be maintained very constant, 
and for this a regulated +12 V supply is needed. 
The — 12 V supply alone need not be well regulated. 
For convenience, well tried supplies developed at 
P.E.L. were used. The circuit diagrams appear as 
Figs. 14-16 and Fig. 17 is a servicing diagram. Care 
must be taken in any modification to the —270 V 
supply as values have been chosen to give short 
cirenit protection. 


TWIN REGULATED POWER SU 


fs | 


CONSTRUCTION 


All units are built on double sided circuit board. 
The circuit is printed on one side only and the other 
side is left intact as an earth plane, but for holes 
drilled for clearance for pigtails of components. It 
is an established fact that high frequency circuits 
operate better near an earth plane, because of 
radiation considerations. A pulse of 1 ns rise time 
has a 1 000 me/s bandwidth. 

As all the blocking oscillators operate in phase 
and are initiated by the trigger circuit, these units 
are mounted on the same board. Each delay and 
output pair is mounted on a separate board to stop 
interchannel interference, and connections between 
blocking oscillators and delays are made with coaxial 
cable to stop radiation of triggering pulses. To a 
nanosecond pulse, six inches of wire becomes a half 
wave antenna. 
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1200p 


"Gp 11 STEPS OF 90p, 
90 TO990 


= 100,000p 


APPENDIX ONE 
INSTABILITIES IN THE OUTPUT CIRCUIT 


The initial trial output circuit built was found to 
have discontinuities in the pulse length as the 
‘‘coupling’’ capacitance was varied smoothly. 
Further investigation showed that a very high 
frequency (~ 50 me/s) oscillation oceurred in 
whichever transistor was conducting. This gave 
the rundown to — VB a sawtooth character which 
explained the step variation. Approach of an oscil- 
loscope probe altered the character of the oscillation, 
which was deduced to be a consequence of stray 
capacitances. To make the phenomenon more easily 
observed, larger stray capacitances to ground were 
added, and emitter to ground stray was found to 
be the important factor. The waveform was 
observed to be as in Fig. 10 when 1 O00pf emitter to 
ground capacitance was added. As circuit para- 
meters were altered, certain broad dependencies 
were noted. The voltage V: in Fig. 10 was seen to 
be a function of the emitter to ground capacity, 
and whether or not the circuit oscillated depended 
on the ratio of standing emitter current to standing 
base current. An empirical improvement incorpor- 
ated in the unit was use of a high impedance in the 
trigger circuit to reduce effective emitter to earth 
capactity. 

For the purpose of the following analysis, we 
can use one equivalent circuit for each transistor of 
the output circuit; for T: during the pulse, and 
for Tz at all other times. It is as in Fig. 9. 

The mechanism of the observed oscillation is :— 
when the power supply is switched on, the base 
rapidly reaches Vz, as Ce is small. Then, with the 
emitter-base junction reverse biassed, the emitter 


FIGI7ZCOMPLETE DIAGRAM OF ONE CHANNEL 


potential falls towards Vs with Cx charging until 
sufficient emitter current can be injected into the 
collector junction and multiplied by avalanche 
effect. 


Emitter potential now rises rapidly, and the base 
potential stays sufficiently below it for the emitter 
to remain forward biassed. The latter is a con- 
sequence of the large number of free holes generated 
during multiplication. When multiplication falls 
to such a low value that their rate of flow is unable 
to keep the emitter forward biassed, the cycle begins - 
again. Let this occur at emitter (and base near 
enough) potential Vi. The emitter waveform then 
is as in Fig. 10. 


For the configuration to be stable, the emitter 
should be forward biassed as the emitter reaches V«, 
That is, Cx should charge from V:(Cx) to V« with 


Ie faster than Ce(Veb) charges from V:(Cx) to Va 


with charging current Ib. Expressed algebraically, 

[Ce(Vx) Ve — Ce(V:) V:] Ie 

Cs = ——____________________ in the region 
(Va — Vi) Ib [V2] < |Ve| 

Where Cs is the critical value of Cx, below which 
the circuit is stable for given Ce, Ib and Ie. 

V: may also be expressed algebraically as a charge 
dQ flowing from Cx becomes MdQ after multiplica-. 
tion at the collector barrier. [(M — 1)dQ]/2 of 
this is formed of holes, some or all of which may 
raise the potential of the base to keep the emitter 
conducting. Then the emitter turns off when this 
charge dQ makes a greater potential difference in 
Cx than [dQ(M — 1] /2 can make in Ce 


dQ dQ (M— 1) 


Cx 2. Ce 
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2 Ce(V) = Cx [M(V) — 1] for V = V: 
Now the assumptions that multiplication 
: Vu 


M = [1— (—) ] occurs at the 
VB 


junction (where n is ~ 4 for Ge) and that the 
collector junction is abrupt with 


. C = Ccp (VB/V)2 may be intro- 
duced, yielding 
20cB*  Xa+s Vi 
Ss Where X = — 
Cx 1] — X2 VB 


for 2|V:| < Vp we may reasonably put 


2CcB 
==! Qliney: 


Cx 
for the 2N705 with Cx = 1 000pf 


Ccp = 3.5pf (Ce = Spf at 10V) 
Veo 25) 
n = 4, 
V: = 8-5 which is in fair agreement with the value 


of dv observed. 


Thus it has been established that as Cx increases, 
V: decreases, having a value of 8:5v at 1 000pf. 


The theoretical variation of Cs (as a factor of 
deviation F from Cs = [Ce(V<)Ie] /Ib) with V: was 
tabulated for a few representative values. 

Poe 25, Veo — 10, Ve = 20 
Ccp (20/10)2 2 
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Ccs (20/10) 10 — Ccp (20/8)4 8 
Tabulating the result of this calculation for values 
of V:, 


Vi (volts) EF 
8 Lee 
9) id. 
2 1.45 
1 1.3 
6 1.8 
it 1.82 
0 1 

Vo 1 


Bearing these in mind, together with the V: versus 
Cx law, a curve of the type observed and plotted 
in Fig. 18 is expected. 

The above has established a theoretical basis for 
the observed characteristics of the instability, and 
Suggests that it may be cured by selecting an appro- 
priate ratio In/In or by padding the collector base 
capacity. Neither of these should affect the rise time 
(see reference 1) but the ratio Iz/Ip alters the 
mark/space ratio of the output circuit. 


APPENDIX TWO 


STORED CHARGE 


In the output cireuit, the difference in charge 
stored in the base region between breakdown and 
unity gain conditions is an important factor. Stored 
charged is released at ‘‘switch on’’, as a nanosecond 
transient, and the same amount must be accumulated 
at “switch off’’, resulting in a long rise time. Type 
2N705 has much smaller stored charge than 2N706A, 
and the improvement in output waveform is readily 
seen (Fig. 11). The inversion of waveform is be- 
cause the 2N706A is npn, the 2N705 pnp. Both 
waveforms are observed at corresponding parts of 
the circuit. 


TO POWER SUPPLY 


22000p 
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OUTPUT CIRCUIT WAVEFORM 
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APPENDIX THREE 
TRIGGER LEVEL CONTROL 


The base circuit of the input transistor may be 
altered to give amplitude control over both positive 
and nepative trigger. The back bias of the base- 
emitter diode may be altered by using the fact that 
the forward drop of a diode is not constant, but 
dependent on current. A circuit is indicated in Fig. 
12. The variable resistance must have a sufficiently 
low maximum value to ensure triggered operation. 


APPENDIX FOUR 


IMPROVEMENTS TO TIME DELAY CIRCUIT 
(i) If a trigger transistor with emitter-base capaci- 
tance much less than the 500pf of the ASZ23 
were used, delay could be obtained in several 
ranges by using different rundown rates, 
shunting the delay capacitor progressively. 
(ii) A blocking oscillator with a much faster reset 
would allow a higher operating rate of the 
delay. This could be done using a square loop 
core of greater flux. 


EISTENIUIN GG POs? 


by michael lawrence 


All times are in GMT and frequencies in kilocycles 


UNITED NATIONS RADIO 

This station broadcasts news from the United 
Nations, when it is in session, daily from Tuesday 
to Saturday. 

The programme for Australia and N.Z., formerly 
broadcast at 0730 and repeated at 0845, is now on 
the air only at 0845 and closes at 0900. Frequencies 
for this broadcast are 9665, 5985 and 11845. The 
first two frequencies are those of U.S. transmitters 
and the latter is a Honolulu relay. 

Other English language transmissions from U.N. 
Radio between Tuesday and Saturday are: To The 
Far East from 0230-0245 on 17705, 15,185 (both 
Philippines transmitters), 17850 and 15365 (U.S. 
transmitters); To Central and South Africa from 
0545-0600 on 9590 and 6125 (U.S.); To Southern 
Europe, Middle East and North Africa from 0630- 
0635 on 11790, 9615 and 7270 (Tangier); To West 
Africa from 0652-0700 on 9590 and 6125 (U.S.); To 
East Africa from 0700-0710 on 15315 and 11705 
(Monrovia); To South East Asia from 1010-1020 
on 17820 and 15395 (Philippines) and again from 
1045-1100 on 15410 (Philippines); To Western and 
Central Europe from 1805-1810 on 15250 (Green- 
ville) and 9710 (Tangier); To West and Central 
Africa from 1922-1930 on 17765 and 15350 (U.S.). 

OTHER STATION NEWS 
ALBANIA. Radio Tirana can be heard broadcasting 
each day in French from 0600-0630 and in English 
from 0630-0700 on a measured frequency of 7263. 
This frequency is announced by the station as being 
7265, 

Other broadcasts in English as announced by the 
station are: 0000-0080 on 7265; 2000-2030 on 7265 
and 2390; and 2200-2230 on 7265 and 9390. 
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(iii) By using the ‘‘turn-off’’ of the output cireuit 
to trigger another output, one could obtain a 
repetition rate varying with the delay used. 
Such a system would obviate the need for 
winding blocking oscillator toroids with many 
turns. The system would be as in Fig. 13. 


CONCLUSION 


Avalanche circuits have been developed to use 
locally available components, giving acceptable 
performance. A model has been derived to explain 
unsatisfactory aspects of performance. Use of this 
allows these occurrences to be avoided. ae 

Although it has had limited use in the eight 
months since completion, the generator has proved 
easy to set up and reliable in operation. Because 
it is completely solid state, there is no warm up 
period, and because the action is basically current 
switching the outputs may be short circuited or 
subjected to d.c. voltages of less than 30v without 
harm. 

Stable, fast operation has been achieved with 
simple circuitry. 


INDIA. All India Radio broadcasts news in English 
between 0800 and 0810 on 17890, and from 1140- 
1200 a broadeast in Thai to Thailand can be heard 
on 17705 and 21580. 


PORTUGAL. The ‘‘Voice of the West’’ in Lisbon 
whose frequencies were given last month as being 
7225 and 9645 for their transmission to Australia 
and N.Z. from 0730-0815 has now been observed 
on 17890 at this time. The two lower frequencies 
appear to have been vacated but the station con- 
tinues to announce 7130 and 9645 as being the 
only frequencies for this transmission. 

At 0800 All India Radio transmits on 17890 
causing severe interference to Portugal. 

The ties Service provides good reception from 
1800-1915 with a programme in English, The fre- 
quency in use for this transmission is 17880. 


GERMAN DEMOCRATIC REPUBLIC. Radio Ber- 
lin International broadcasts a daily transmission in 
English to West Africa from 0615-0700 on 9575. 
Oils English transmissions to Africa are at 0345, 
Ito S131; "1600 and 1915: 
U.S.A. Two 50 kW transmitters are used by WINB 
Red Lion for the transmission to North Africa. 
The frequencies are 17720 from 1700-2000 and 11795 
from 2000-2200. 


CUBA. Radio Habana Cuba has been heard around — 
0400 on 6135 with a transmission to North America ; 
however reception was very poor. 


FRANCE. From 0600-0645 Radiodiffusion - Tele- 
vision Francaise beams a programme in French to 
French Polynesia on 6175 and 9560 while, from 
1300-1530, an English language broadeast is trans- 
mitted to the Far Hast on 21580, 15245 and 11850. 
From 1330-1400 these same frequencies carry a 
French programme. 

NORTH VIETNAM. From Hanoi a programme is 
beamed to the American Servicemen in South Viet- 
nam between 1300 and 1330 on 11760 and 9760. 


Continued on page 35 


lst DECEMBER, 1965 


RADIO, ELECTRONICS AND COMMUNICATIONS - 25 


SERVICEMAN’S COLUMN 


Conducted by J. Whitley Stokes 


During the course of a brief visit to the ‘mainland’, I took 
advantage of the opportunity to compare conditions in the trade and 
to make the acquaintance of some servicemen in the city of 


Christchurch. 


It was with something of a 
shock that I realised it was quar- 
ter of a century, almost to the 
day, since I had last been in the 
Cathedral City, but in spite of 
this lapse of time it did not appear 
to have changed a great deal. For 
example, by comparision with 
Auckland, it was interesting to 
note that there are still about the 
same number of the smaller ser- 
viceman owned shops close in to 
the centre of the city, as was the 
ease before the war. My impres- 
Sion was that life in Christchurch 
still moves at just a little more 
leisurely (to me something quite 
enviable) pace than it does in the 
so called ‘Panic City’. 


In speaking to servicemen I 
had only to mention I was from 
Auckland for it to be a signal 
for the commencement of a dis- 
cussion comparing conditions 
existing in the two cities. How- 
ever to be quite honest I must 
admit — apart from talking shop 
I made use of these opportunities 
to further a private interest in 
antique collecting. Here too I 
found a willingness to assist, one 
serviceman even going to the ex- 
tent of shutting the door of his 
shop while he took me upstairs 
to see if he could find anything 
of interest. 


As a result of this out of sea- 
son sabbatical however, this 
month’s column has suffered in 
the process but very conveniently 
as it happened, I found the follow- 
ing communication from T.C.K. 
(Wellington) awaiting on my re- 
turn. In it our contributor deals 
with the servicing of those for- 
tunately now obsolete’ mains- 
battery portables. I say fortun- 
ately as by and large they repre- 
sented nothing but headaches to 
servicemen. This was not entirely 
due to poor design but was caused 
largely by an inherent weakness 
of the breed which resulted in 


their being susceptible to vari- 
ations in power line voltage. This 
was certainly the case in the 
Auckland area and I don’t doubt 
that the picture was much the 
same elsewhere. Of course it 
could be that M.E.D’s. are more 
punctillious than E.P.B’s. in the 
matter of voltage regulation. I 
wouldn’t know about this but it 


seems strange to me that T.C.K. 


didn’t mention this aspect when 
it was responsible for perhaps 
half the complaints of unsatis- 
factory operation received from 
owners of these sets. 


You will notice the above re- 
marks are in the past tense as 
indeed they should be for m/b 
portables are seldom encountered 
as repair jobs nowadays. Any- 
way let’s see what T.C.K. has to 
say on the subject. 


He writes :— 


There was a vogue some ten 
years ago for the battery-electric 
portable. In its most sophisticated 
form the mains power unit could 
be used to depolarize the batteries 
between outdoor forays. There 
are a large number of these sets 
sitting around the countryside 
and we are often asked either to 
repair them or trade-in. 


Most of the New Zealand manu- 
factured models, there was Colum- 
bus, Pacemaker, Pacific and 
Ultimate to name the most popu- 
lar, used large high tension 
batteries which were and still are 
inordinately expensive. If the 
set 1s to be recommissioned best 
forego the purchase of £3 worth 
of batteries which might have 
been manufactured some time ago. 
The radio, without the weight of 
the batteries, can be lifted by one 
person and can be carried from 
room to room. Most of these 
models were made before the 
advent of ferrite rod aerials and 
have loop aerials wound at the 


back of the cabinet. For this 
reason good reception without an 
exterior aerial can be had any- 
where except in a ferro-concrete 
building. 


There were fewer regional and 
““X’’ class stations operating then. 
Those that were usually ran re- 
stricted hours. In order to pull 
in the national stations these 
portables had a radio frequency 
amplifier valve ahead of the con- 
vertor and a _ pentode voltage 
amplifier following the detector 
diode. For some strange reason 
reflex circuits were not used by 
N.Z. manufacturers although they 
were across the Tasman. 


For A.C. operation the valve 
heaters are run in series, using 
a dropping resistor and filter con- 
denser fed from a metal rectifier 
(or later 6-1 4) and: 110 ‘volt 
transformer winding. The high 
tension supply was picked off be- 
fore the filament dropping resis- 
tor and smoothed by conventional 
means. 


These sets nearly all have 
power supply troubles. New 1000 
mfd 25 volt condensers are smaller 
physically than the 400 mfd 12 
volt type previously used. One 
portable even used two 50 mfd 
25 volt in parallel but was hard 
on valves because of the ripple 
which does not show on a D.C. 
voltmeter but results in filament 
failure if the dropping resistors 
are lowered. Why, you ask, 
lower the dropping resistor? The 
valve chain requires 50 ma at 
9 volts. The high tension require- 
ments are about 15 ma at 90 volts. 
The forward resistance of selen- 
ium rectifiers increases with age. 
After ten years the forward re- 
sistance can build up sufficiently 
to get them good and hot. These 
are half wave rectifiers and the 
consumption during the negative 
half cycles has to be obtained 
during the positive half cycle. 
Hither the rectifier can be re- 
placed, and this in the worst cases 
is necessary, or (provided output 
is not below about two thirds re- 
quired heater voltage) the drop- 
ping resistor shunted. One 5000 
ohm 2 watt carbon resistor will 
bring voltage up on a nominal 9 
volt chain from 6 to about 7 volts. 
The exact amount varies. 


Continued on page 33 
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Measurements in Acoustics 
and Audio Engineering 


by C..W. SALMON * 
This paper is an enlarged and expanded version of a lecture 


given in November 1965 to a combined meeting of the N.Z. Electronics 
Institute and the Institution of Electronic & Radio Engineers at 


Auckland. 


The recent publication of Brit- 
ish Standard 3860: 1965 ‘‘methods 
of measuring and expressing the 
performance of Audio-frequency 
Amplifiers for domestic, public 
address and similar applications’’ 
means that an authoritative docu- 
ment is now available dealing 
with the methods of measuring 
amplifier performance. Up _ to 
now, in’ New Zealand, manu- 
facturers and importers of equip- 


: 1280. metres 
2945 metres 


Figure 1: Regnaults arrangement for measuring sound velocity in air. 


ment have been free to give 
performance figures related to any 
base they wish. More often than 
not, distortion, for instance, was 
given as a single figure (at one 
output level and at one _ fre- 
quency) with no regard for the 
fact that the distortion could be 
worse at other points — and 
usually was. Certain other de- 
finitions, such as the American 
term ‘‘Musie power,’’ give use 
to confusion in the mind of both 
the (British) manufacturer and 
buyer. The new Standard goes 
a long way to removing such 
confusion and the purpose of this 
paper is to discuss some of the 
instrumentation needed to under- 
take tests such as outlined in 
B.S. 3860 but the content extends 
to audio and acoustic measure- 
ments generally so that the sub- 


* C. W. Salmon, MNZIE, Graduate IEE, 
Assoc. JERE is Acoustics’ Engineer, 
National Audiology Centre N.Z. De- 
partment of Health. 


ject may be of interest to a 
greater number of readers. 

The growth of instrumentation 
in this field was greatly acceler- 
ated by wartime research during 
the 1940’s and prior to that most 
instruments developed were the 
result of post office and telephone 
company requirements related to 
the transmission of speech over 
wire and radio circuits. The scope 
of instrumentation has, however, 


Telephone receiver 
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and the whole subject more pro- 
perly called ‘‘acoustie engineer- 
ing.’’ Even this is a slight mis- 
nomer, because much building ~ 
acoustics involves some subtle 
knowledge that the best engineer 
may never acquire — a little bit 
of art is needed, too. 

The range of acoustic engineer- 
ing nowadays extends from audio 
engineering (i.e. equipment de- 
sign) to noise abatement and 
architectural acoustics but all 
these rely heavily upon electronic 
instruments so that the electronic 
engineer is becoming more in- 
volved in the bordering disciplines 
of machine design and building 
structures. 

Historically, the subject is of 
some interest and names such as 
Lord Rayleigh, Sabine, Lissajon 
Newton and Doppler occur fre- 
quently, whilst much of the his- — 
tory is involved with study of the — 
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Figure 2: A telephone method of measuring velocity of sound giving © 


greater accuracy than the set-up of figure 1 


not greatly inereased, rather 
reliability, cost and size have im- 
proved so that it is now much 
more feasible and less costly to 
carry out desirable tests. In field 
measurements, also, transistoriz- 
ation has brought reduction in 
weight and longer battery life 
and these are particularly import- 
ant in building acoustic measure- 
ments. 

Perhaps at this point mention 
should be made of the inelusion 
of both acoustics and audio en- 
gineering in the title. Strictly 
speaking acoustics inelude all 
branches of the physies of sound 
but over the years and particu- 
larly in America a division has 
been made that in practice means 
that acoustics deals with build- 
ings and architectural work and 
audio engineering with sound 
reproduction especially in the 
entertainment field. Fortunately, 
the term ‘‘acoustics’’ is now be- 
ing allied with ‘‘engineering’’, 


nature of sound and the physics 
of wave motion. Determination of 
the speed of sound is an example 
of quite early use of electrical 
impulses in timing circuits. 


SOME CLASSICAL 
EXPERIMENTS 


From the 16th and 17th cen- 
turies physicists realised that 
wavelength frequency and veloe- 
ity of sound waves were available 
and even then methods were avail- — 
able to measure all three para-. 
meters with a fair degree of 
accuracy. 

Newton (1642-1727) was the 
first to determine the velocity of 
sound scientifically and showed 
that the velocity was proportional 
to the square root of the Elastic 
force/Density and obtained a 
value of 979 feet per second. 
Almost simultaneously Flamsteed 
and Halley (of comet fame) ob- 
tained a value of 1142 feet per 
second. The difference between 
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these two values was not satis- 
factorily explained until the 19th 
century although a value around 
1100 feet per second was accepted. 
Many of the early attempts were 
limited by reaction time of the 
observers and nearly all measure- 
ments from Newton’s time yp till 
the mid 1850’s were concerned 


with reducing the ‘‘personal 
equation’’ 
B A 
2 : - 
| ia 


G 
Figure 3: The Rayleigh DWC method of mea- 
suring air particle velocity and hence sound 
intensity (pressure). 


In 1864 Regnault took an im- 
portant step forward by using a 
chronometer drum as a time in- 
terval recorder. His set up is 
shown in Fig. 1. Here a gun is 
fired at W breaking a wire and 
thus registering an impulse on the 
drum D. Later arrival of the 
sound wave at Y causes a contact 
to be made and another impulse 
recorded on the drum by the 
stylus S. The drum is driven at 
a constant rotational speed so the 
time between the impulses can be 
determined. It was found that 
this equipment had a ‘‘personal 
equation’’ but this was greatly 
reduced by taking measurements 
over two distances. Calculations 
were made for propagation in 
both directions so that wind 
effects were eliminated. 

At Cape Town in 1871 the 
_colony’s Astronomer Royal, Stone, 


Teflon Bush 
Steel Piston 
Stylus 
Steel Tube 


TRIZTIE IAT 


limes 


RADIO, ELECTRONICS AND COMMUNICATIONS - 27 


used similar equipment in a dif- 
ferent layout to reduce ‘‘oper- 
ating’’ times and he reduced the 
‘“yersonal equation’’ to as little 
as .09 second and obtained a 
velocity of 1090.6 ft. per second 
(332.4 metres per second). Work 
in Aretie areas in still ‘dry ‘air 
produced an equation 

V = 332 + .6 T metres per second 

where T = temp. in °C. 

The methods used above all 
suffered from difficulties due to 
the distance involved. Because 
worthwhile intensities were need- 
ed at the receiving end large dis- 
charges had to be used and it was 
thought then that the velocity 
adjacent to intense pressure 
sources was not the same as in 
normal transit (this has since 
been proved correct) and no 
account could be taken of wind, 
temperature or humidity effects 
during the passage of the test 
sound. 

In 1905 Hebb produced an ap- 
paratus using telephonic equip- 
ment and it is here that the first 
real use was made of electrical 
science and it could be said that 
Hebb was the first to use electrical 
measurements (albeit in a physical 
manner) in acoustics. His equip- 
ment set up is shown in Figure 2. 

Two parabolic mirrors Al and 
A2 are arranged in line and sound 
energy is transmitted from Fl 
(a focus of Al) and received at 
F2. Tl and T2 are telephone 
transmitters in series with their 
respective batteries and coil pri- 
maries Pl and P2 of which the 
secondary feeds a telephone re- 
ceiver. 

At F1 and F2 the sound source 


consists of a small tube closed at 
one end and having air blown 
across the open end. Care was 
taken to ensure purity of tone 
and constancy of frequency; this 
being checked to 1 part in 5000. 

When a tone is emitted at Fl 
some sound is passed to Tl (with 
a phase relationship dependant 
upon distance T1F1) other waves 
are received at F2 and operate T2 
— the phase depending upon 
FIAIA2F2 and the vector sum 
will be heard in the receiver at 
T3. Assuming that the intensities 
are equal (and the short distances 
involved are a reasonable assur- 
ance of this) it is possible by 
moving one mirror to change the 
relative phases so that reinforce- 


ment and cancellation can be 
obtained. Thus wavelength can 
be accurately determined — 1 


part in 1000 being claimed by 
Hebb. The mirrors used were 
plaster of Paris moulded 5ft. in 
diameter with a focal length of 
15 inches. The whole experiment 
was conducted in a hall 120 ft. 
long, 10 ft. wide and some 14 ft. 
high. The result obtained for 
sound in air, corrected to O°C 
was 331.46 metres per second. 

This result was in accord with 
the best results obtained in the 
late 1800’s by Arago in France 
where 331.2 metres per second for 
0°C was obtained. 


THE RAYLEIGH DISC 

In 1880 Lord Rayleigh des- 
cribed a device to the Cambridge 
Philosophical Society that he had 
used to determine air velocity. 
Based on the principle that a very 
light disc will set itself at right 
angles to an air-flow the deflection 
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Above: Figure 4. The classic Piston phone. Modern instruments use a 
double niston chamber (after Bruel and- Kjaer). 
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The Festive Season is here again . . . 


Best Wishes for the Festive 


Season and a Prosperous New Year 
and we would like to say thank you 
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SENIOR COMMUNICATIONS TECHNICIAN 
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Service, Head Office Wellington. 
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Occasional travelling involved. 
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Box 8004, Wellington. Applicants should preferably use Form P.S. 17A, obtainable from Post - 
Offices and should enclose copies only of testimonials and quote Vacancy No. 5031. 


Assistance towards expenses will be given to a married man required to move his household. 
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can be used to measure both 
steady and pulsating (alternat- 
ing) velocities. The Rayleigh Dise 
principle is shown in Figure 3 
where A is a metallic tube closed 
at one end by a glass plate B 
illuminated through a small slit C. 
D is the dise fronted by a mirror 
that reflects the light beam 
through a window E and lens F 
onto a scale G. H is a moveable 
acoustically transparent screen of 
paper or similar thin material ad- 
justed so that the tube length can 
be made a half-wavelength for 
the frequency involved. 


The spot deflection can be 
shown to be equal to 

4/3 Xr? V2 sin 2¢ 
where \ = air or gas density. 

V = velocity of air or gas 


(either steady or 
RMS) 

r = radius of the dise 

¢ = angle from normal of 


dise to air flow (¢ 
usually about 45°) 


Later workers, in the 1920’s, 
made measurements of air particle 
velocities down to .1 em/see with 
an accuracy of 2% and this cor- 
responds to a fairly intense sound 
wave and intensities below 50dB 
or so require special measuring 
refinements. Nevertheless, the 
Rayleigh disc has been used for 
a number of years as a primary 
means of measurement of absolute 
sound intensity. Its result which 
measures velocity, is then com- 
pared with those from a pressure 
microphone and the air velocity 
value converted to pressure by 


using known relationships. 
Capacitor microphones so. eali- 
brated, are considerably more 


robust than a Rayleigh primary 
Standard. 


Whilst the Rayleigh disc is, 
perhaps, the classical method of 
microphone calibration (or in- 
tensity measurement), later 
methods have superseded it. For 
instance, ideal Rayleigh calibra- 
tions can be made to an accuracy 
of 1dB whereas more modern 
methods can increase calibration, 
or intensity measurements, to an 
accuracy of .1dB. 


One method, not now much 
in favour, but adopted some 30 
or 40 years ago as a more accurate 
method than the Rayleigh dise 
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(except for its most sophisticated 
forms) was perfected by the Bell 
Telephone Company in America. 


When an alternating current is 
passed through a thin wire, suit- 
ably suspended, the wire is sub- 
ject to temperature changes cor- 
responding to the — eurrent 
periodicity. With wires suitably 
mounted, temperature waves are 
produced in the surroundings and 
the heating effect can be limited 
to the space adjacent to the wire. 
Expansion and contraction of the 
surrounding medium occurs 
which, in turn, produces pressure 
waves which are transmitted as 
sound. 


To obviate some difficulties in 
this instrument (known as the 
Thermophone) a D.C. voltage is 
also applied to the wire. The wire 
is in practice a piece of nickel, 
platinum or gold strip or foil up 
to 1 em wide and under .001 cm 
thick. Figure 5 shows a modern 
set up using the thermophone 
principle to calibrate a micro- 
phone. ‘The thermophone is 
limited in low frequency response 
being more suited to measure- 
ments in the range 100 — 10,000 
c/s. 

Frequencies below 500 G¢/s 
ean be very well dealt with by a 
mechanical device —-the Piston 
phone. In this method the micro- 
phone to be calibrated is located 
in a cylinder the other end of 
which has a piston moving with 
sinusoidal motion driven mechan- 
ically by a motor or electro- 
magnetic driver. 


If the RMS amplitude of the 
piston is d then the RMS sound 
pressure in the chamber 

=o An 18 
Vv 
where P igs the 
pressure 
A the piston area 
B the specific heat of 
the air or gas in the 
cylinder 
the effective volume 
of the enclosure 


The pistonphone method is 
now the one used for everyday 
calibration of microphones and 
accuracies of at least .2 dB can 
be achieved with little effort and 
time. 


atmospherie¢ 


aii \, 


In all there are seven methods 
of microphone (or sound inten- 
sity) calibration :— 

1 Rayleigh Dise 

Thermophone 
Pistonphone 
Smoke particle movement 
Dise lifting by pressure 
method 
Electrostatic actuator 
Reciprocity methods 
The methods not dealt with 
here (numbers 4 to 7) are worthy 
of separate discussion and will be 
the subject of a later paper on 
microphones and microphone eali- 
bration. 

The classical and_ historical 
aspects of the subject have been 
dealt with in fair length to em- 
phasise that in acoustics, as apart 
from audio engineering, much of 
the theory, and even some instru- 
mentation, goes back to the late 
19th century. The advent of elec- 
tronic instruments and equipment 
has only meant speedier and 
easier application of knowledge 
gained in the ‘‘pre-electronics’’ 
period together with greater ac- 
curacies in measurement. 

In the coneluding part of this 
paper we will deal with actual 
system requirements and instru- 
mentation needed to determine 
what engineering and equipment 
is required to fill specific needs. 

This section will include dis- 
cussion on audio oscillators, wave 
form and distortion analysers, 


OUH co bo 


os | (Pp) 


wave form and level recorders 
and the limits of accuracy re- 
quired to fulfill specification re- 
quirements. 
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Electro Scientific Industries: 
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Mobile Communications — Par vil 


In a previous article I discussed 
a general specification for an 
ideal radio telephone set for 
mobile use. In setting down the 
ideas, which were largely those 
reached in general discussion 
with experienced technicians and 
engineers, and of course my own 
observations, I avoided anything 
in the way of figures. The reason 
for this was twofold. Firstly, 
setting up a specific figure which 
a set should in theory meet is a 
hazardous occupation, because 
there are so many things that may 
render it invalid. Secondly the 
question of the standards to be 
set 1s worth an article on its own. 
As an example of the first trap I 
ean relate what happened to me 
when arranging the purchase of 
anew set. I asked for a very high 
degree of selectivity from the re- 
ceiver, one which I had measured 
in the laboratory on valve type 
equipment. To measure this order 
of attenuation it was necessary to 
feed in a signal of about 1 volt, 
10 KC/s off frequency. This is 
not to difficult to achieve with a 
valve set, where intermodulation 
due to the curvature of the RF 
stage characteristic is fairly low. 
But with a transistor stage its 
very much more difficult. You see 
most of the selectivity is achieved 
in the IF stages, so the first RF 
transistor will have to handle 
about 1 volt of signal, and this 
is very tricky! The selectivity 
may be achieved, but it is not pos- 
sible to measure it by the usual 
methods. 

In NZ the manufacturer is re- 
quired to meet the standards 
layed down by the Radio Regula- 
tions, which govern such things 
as power output, harmonic radi- 
ation, and frequency tolerance, 
In addition the Post Office has a 
“type approval’’ which lays 
down additional specifications for 
such things as sensitivity, selec- 
tivity and power output. The pur- 
pose of this is to ensure that at 
least a minimum standard will be 
Set to ensure that the customer 
gets his money’s worth. There 
is of course nothing to prevent 


by Countryman 


a manufacturer exceeding the 
NZPO requirements, except that 
to do so would involve him in 
development costs which he would 
find it difficult to recoup. 

In the United States things are 
very different. With more than 
24 million mobile sets in use the 
mobile field has attracted many 
manufacturers, and the spur of 
competition has resulted in the 
establishment of high technical 
standards. It would be no exager- 
ation to say that in this field the 
NZ manufacturer is about 20 
years behind the times. Let me 
give two examples. In the matter 
of harmonic radiation the require- 
ment in NZ is that this must be at 
least 40dB lower than the funda- 
mental. In the U.S. the present 
day requirement is 80dB.  Fre- 
quency tolerance allowable in NZ 
is 0.01%, that is the carrier is re- 
quired to be not more than 100 
cycles per megacycle from the 
allocated frequency. Thus a 
station on 4.5 me/s would be per- 
mitted to drift not more than 
+ 450 cycles from its centre fre- 
quency. In the United States the 
tolerance for mobiles is 0.0005% 
that is 5 cycles per megacycle of 
carrier frequency. In other words 
the frequency accuracy required 
is in the same order as that re- 
quired of NZ broadeast stations. 
But, let me remind you, that this 
is not a large erystal controlled 
oscillator in the air-conditioned 
interior of a stationary transmit- 
ter, but in a small metal box sub- 
ject to violet changes in tempera- 
ture and supply voltage, and be- 
ing shaken and bumped about in 
a car or truck for good measure! 
As you can see this implies an 
extremely high standard of en- 


gineering on the part of the com-. 


ponent and set maker, and also 
on the part of those responsible 
for design and maintenance. 

It would be foolish to pretend 
that this could not be done in NZ. 
If there is one thing that the NZ 
radio manufacturer has clearly 
shown over the years it is that he 
is capable of producing equip- 
ment of the highest standard. One 


factory during the war produced 
a line of high power transmitters 
which had an excellent reputation 
for both performance and reliabil- 
ity, and since then NZ built equip- 
ment has on several occasions 
competed with and beaten the 
best of overseas equipment on a 
world wide basis. 


Why is this not being done in 
the mobile field? It must be be- 
cause major users are prepared to 
accept inferior articles. By and 
large, Government departments 
are the biggest users of Mobile in 
NZ today, and as such must 
shoulder a large portion of the 
blame for the poor state of the 
art. While technical officers may 
wish to improve the standard of 
equipment in use, such sets will 
cost a good deal more than an 
average sort of set. Government 
Stores Board purchasing pro- 
cedures are such that to purchase 
other than the cheapest set offered 
is made difficult and time con- 
suming, so that it is often neces- 
sary to accept an inferior set in 
order to get something into use 
when it is needed. With this sort 
of atmosphere prevailing, the 
local manufacturer cannot be 
blamed if he is reluctant to spend 
thousands of pounds on develop- 
ment of improved equipment 
knowing that if he raises the price 
of his set he will not be able to 
sell it! 


There are signs that a change 
in this attitude is taking place. 
In common with other Govern- 
ment contracts there is an in- 
creased awareness on the part of 
those who hold the purse strings 
that the most economic approach 
to the purchase of equipment for 
radiotelephone is not always to 
buy the cheapest. One depart- 
ment has recently called tenders 
for the development of equipment 
to an extremely high standard. 
This may just be the break 
through that is required to pro- 
duce the leap ahead sorely needed 
in Mobile radiophone. 


Although it is not actually stated 
in this article, the author is referring 
particulary to tolerance specifications 
for the M.F. (medium frequency) 
allocations. The frequency tolerance 
of .01% refers to base station equip- 

Continued on page 33 
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We're calling all our friends in the 
trade to thank them for their 
custom and co-operation during 


nineteen sixty five and to wish 
themvalla ..a 


Mer RY CHR!STMAS and a HAPPY NeW Year... 


from 


BEACON RADIO LIMiTED 


Corner Brown and Fitzroy Sts., Ponsonby, Auckland. P.O. Box 2757. Telephone 16-164 (3 lines), 
BRX 1.36 
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SERVICEMAN’S 
COLUMN 


continued from page 25 


A word of warning. Do not try 
to quite reach 9 volts because 
‘there is always some ripple reach- 
ing the chain. Use an A.C. range 
on a voltmeter (divided by two) 
to verify this. About 8 volts is 
far enough and if two 5000 ohm 
2 watt resistors are insufficient 
do not go further as the high 
tension voltage will suffer. 

What of the regular faults that 
are peculiar to these portables? 
The convertor valves IR5, or 
continental equivalent, DK91, 
stop converting with very slight 
reduction in emission. They must 
be replaced but will still work in 
lieu of an IT4 as R.F. amplifier 
if you have the luck to lose a IT4 
(or DF91). One half of the out- 
put valve filament (3V3_ or 
similar) will often o/e. These 
valves will work on half power 
with a jumper across the offend- 
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ing section, it is a matter of 
economics as the output power 
still available is greater than 
many transistor portables. 

These sets have lots of tatty 
low (150v) voltage bypass con- 
densers. They look horrible but 
usually do not detract from per- 
formance. The feed resistors to 
the voltage audio stage are of 2 
megohm order. These may have 
aged and reached much higher 
values. They should be replaced 
in such cases. 

The speakers sometimes need 
repair or replacement, remember 
that the output transformer 
should be at least 10,000 ohms 


Mobile Communications 


continued from page 31 


ment, whereas the frequency toler- 
ance for mobile equipment in_ this 
service is 005%. 

In all cases, the specifications as 
laid down by the N.Z. authorities are 
in accordance with the International 


primary impedance. 

Old valves are prone to failure 
as the fine heating filaments are 
both brittle and susceptible to 
sagging. 

In conclusion one might ask — 
is it worth it? Yes, if the set is 
still of presentable appearance. 
No, if the owner has popped all 
the valves. My advice to an owner 
is that the set was well designed 
and well made. It is worth 
spending £2 on or represents a 
good buy if in working condition 
at £5. A wonderful present for 
junior. After all what can you buy 
for less than £5 that he or she 
has not already got. 


Radio Regulations as set down by 
the Geneva Convention, and to which 
New Zealand is a signatory, It is 
therefore a difficult task to compare 
standards as set for this country, 
which falls in Region 3 of the Inter- 
national allocations with those of the 
U.S.A. which complies with regula- 
tions as set down for Region 2. 


—Ed. 
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Model 5303 with Tilt Bar Extended 
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CONCGRD PUBLIC ADDRESS AMPLIFIER 


Adaptable to all systems this 15 watt R.M.S. Concord P.A, amplifier 
has power and frequency response well above usual P.A. limits. 
Many extras are built-in “standards” with this Concord amplifier 
that meets the rigid standards of reliability, purity of sound and 
stability of all models in the Concord range. 


Also available with 35 watt ouiput. 


concord 


ELECTRONICS LTD 
P.O. BOX 36001., NORTHCOTE, AUCKLAND, PH.285-825 
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A.C. Millivoltmeter 


Voltage ranges 0-001, 0-003, 0:01, 0-03, 0-1, 
0:3, 1, 3, 10, 30, 100, 300V F.S.D. Frequency 
range 15c/s to 4-5Mc/s. Accuracy +3°% F.S.D. 
15c/s to 2Mc/s, +(8% + 3% F.S.D.) 2Mc/s 
to 4:5Mc/s. Accuracy +(8% + 3% F.S.D.) 
2Mc/s to 4-5Mc/s. Accuracy +2dB. /nput 
impedance 10MQ, 20pF (approximately 60pF 
using lead PL50 supplied. Lead PL45 is 
available as an accessory with 10: 1 capacity 
divider fitted). Stability +1°% for supply 
variations between 105 and 125V or 210 and 
250V (15c/s to 2Mc/s). Less than 1:5% at 
100V and 200V. Non-sinusoidal operation 
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millivolimeters & 
Iransistor tester 


Readings close to r.m.s. values are given 
even when the harmonic content of the 
input is high. Amplifier Gain 60dB maximum 
in 10dB steps. Maximum output 1V r.m.s. 
Frequency response +2dB, 12c/s to 200kc/s. 
Response from 200kc/s to 5Mc/s depends 
on load. Output impedance 1500Q approxi- 
mately. Power requirements 100 to 125V, 

200 to 250V, 50 to 60c/s, 30W. Dimensions 
8Zin (23cm) wide x 6$in (17cm) high x 

5tin (14cm) deep. Weight 7lb (3-2kg). 


Battery-operated Transistorised A.C. Millivoltmeter 


Voltage ranges 0-001, 0-003, 0-01, 0-03, 0-1, 
0:3, 1, 3, 10, 30, 100, 300V. Overload protection 
Protected for inputs up to 400V peak on 
0-3V and higher ranges, and for 100V r.m.s. 
on 0:1V and lower ranges. Frequency range 
1c/s to 1Mc/s. Accuracy +3% F.S.D. Input 
impedance 2MQ shunted by approximately 
30pF. Temperature range 0 to +45°C. 


Noise Less than 50uV referred to the input, 
when terminated in 47kQ or less, on the 
0:001V range. Residual reading less than 3% 
of F.S.D. on all other ranges. Dimensions 
8Zin (22-5cm) wide x 6tin (16-5cm) high x 
5din (14cm) deep. Weight 6-6lb (3kg). 


Transistor Tester 


Battery operated for testing p.n.p. or 

n.p.n. transistors in situ. 

Current gain (Beta) 10 to 100, 50 to 500. 
Accuracy with transistor out of circuit, 
+5%; with transistor in circuit, dependent 
on base shunt circuitry. Set current Nomin- 
ally 1 to 50mA (dependent on shunt circuit). 
Balance Shunt collector circuits of greater 
than 1002 can be balanced out by the 
instrument. Leakage current measurement 


(grounded emitter I'co) 0 to 100nA and 0 to 
1mA, with transistor out of circuit. Diode 
measurements Reverse leakage measurement 
as for I'co. With 10mA of forward current, 
meter will indicate voltage drop across diode 
(2V F.S.D.). 


Dimensions 8 in (22-6cm) wide x 6$in 
(16-5cm) high x 53in (14cm) deep. 
Weight 64lb (3-1kg). 


ADVANCE ELECTRONICS LIMITED ENGLAND 


Sole New Zealand Representatives 


TURNBULL & JONES LTD. 
Auckland Wellington Christchurch Dunedin 
FROM THE COMPREHENSIVE RANGE OF Advance > INSTRUMENTS AND EQUIPMENT 
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A 30 WATT 
AUDIO AMPLIFIER 


Continued from page 14 


2Ta* Vak 0.228 * 250 
A ealeulation of the overall efficiency 12 shows: 
P (measured across Raa) 
a ee ee 
2la Va + 21g: Vge 
36.5 


0.223 * 265 + 0.045 + 265 
= 51% 


The screen grid current rises considerably (by 
a factor of about 5) when the output stage is 
driven from zero to full output; this implies that 
the d.c. source for the screen grid supply should 
have a low internal resistance to prevent unneces- 
sary limiting of the available output power. 


CIRCUIT DESCRIPTION 


In Fig. 4 we give a complete amplifier circuit 
that is based upon the considerations set forth in 
the preceding section. 


The input pentode EF86 serves as voltage ampli- 
fier. It is followed by an ECC82 operating as 
driver and phase inverter; the even harmonic 
distortion at the output can be minimised by adjust- 
ing with balance control Pl the symmetry of the 
drive signals fed to the output tubes. By this 
procedure small differences in the characteristics 
of the two output pentodes can be compensated for. 


To suppress parasitic oscillations small RF chokes 
are inserted in the screen grid leads of the EL503’s; 
moreover 3.9 k© resistors are included in the control 
grid leads. 


An overall feedback path (20 dB) runs from 
the secondary of the output transformer (5 2) to 
the cathode of the EF86; an appreciable reduction 
in distortion is the result. 


To suppress any tendency to instability at high 
frequencies three correction networks have been 
incorporated. The 820 pF capacitance in the feed- 
back loop and the RC combination (2.7k®2 and 
5000p’) across the transformer primary serve to 
eliminate the influence of the stray inductances 
in the transformer. The RC-combination (1.5k2 
and 470pF) parallel to the anode resistance of the 
-EF86 helps to reduce the gain at very high fre- 
quencies. A check of the frequency response by 
means of square wave signals is helpful for deter- 
mining the required values of the various damping 
elements, these being strongly dependent upon in- 
dividual transformer design. 
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TEST RESULTS 


The results obtained have been plotted in Figures 
5 and 6. Up to 32 watts of output power are 
available with less than 1% distortion; above 32 
watts the harmonic distortion increases as a result 
of limiting effects. The distortion consists pre- 
dominantly of 4th and 5th harmonics. The power 
which is actually supplied by the output stage is 
higher than the available output power, being 
Ps = 40.6 W for 1.5% distortion and 42W for 5% 
distortion. These figures are slightly more favour- 
able than those obtained in the case of the experi- 
mental output stage of Fig. 1. 


The frequency response is linear from 20 ¢/s up 
to about 20 ke/s; the -3 dB points are 10 ¢/s and 
50 ke/s respectively. 

All voltages specified in Fig. 4 are measured 
under no-signal conditions. 


FIs tTENING 
POS | 


— Continued from page 24 


EGYPT. 17920 is the frequency used by U.A.R. for 
a transmission in English to India from 1330-1430 
and in Urdu from 1430-1530. 

VATICAN. Vatican Radio broadcasts an English 
transmission to India from 1550-1610 on 15120. 
SOUTH AFRICA. Radio South Africa has been 
heard in Wellington around 1715 broadeasting the 
Africa Service on 15220 and 4975. 

The full weekday schedule for the Africa Service 

is: 0300-0400 on 6150 and 7270; 1000-1710 on 15220 
and 17805; 1710-1845 on 11900 and 15220; 1845- 
2000 on 9525 and 11900; 2000-2115 on 7270 and 
9525; 1600-2115 on 4975. 
GREAT BRITAIN. The English language section 
of the HKuropean Service of the BBC transmits 
according to the following schedule: 0400-0430 on 
9975, 7120, 6110 and 7260; 0600-0630 on 3952.5, 
5990, 6050, 6150, 7210, 7260, 9765 and 11905; 0700- 
0715 on 3952.5, 5990, 6050, 6150, 7210, 7260, 9765 
and 11905; 1015-1030 (weekdays) on 9510 and 
11945; 1300-1315 on 7155, 9510, 9760, 11780, 11945, 
12095, 15180, 15235 and 17695; 1715-1830 on 3952.5, 
9975, 6110, 7185, 9735 and 9770; 2100-2115 on 3952.5, 
3975, 5975, 6180, 7185, 7230, 7325, 9600, 9770 and 
9825 ; 2230-2245 on 3975, 5975, 5990, 6180 and 7260. 
SWEDEN. The current English language schedule 
of Radio Sweden is as follows:— To Europe at 
1100 and 1400 on 9620 and at 2200 on 6065; To 
the Far East at 1100 and 2345 on 7270 and at 1230 
on 7270 and 11810; To Eastern North America at 
1400 and 1445 on 15420 and at 0145 on 5990; To 
Western North America at 0315 on 5990; To South 
Asia at 9765; To the Middle East at 1615 on 11705; 
To Africa at 1945 on 11705. 

A DX programme is broadcast from this station 
every Tuesday. 
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New Products 


NEW THERMAL TRANSFER STANDARD 


For +.01% RMS ac transfer measurements without calibration curves or 
correction tables, Fluke offers the new all-solid-state Model 540B AC/DC Thermal 
Transfer Standard. Thermocouple burnout is eliminated by a unique protection 
circuit. In addition, a search circuit provides visual indication of the percent of 
rated input. DC input to the thermocouple is reversed via front panel switch to 
conveniently check its reversal characteristic which is guaranteed to be less than 
0.01% of input. Self-contained galvo is Fluke Model 840B solid-state electronic 
type. A unique feature is the sensitivity test control which causes galvanometer 
deflection exactly equivalent to an input level change of 0.1% or 0.01%. This 
feature is extremely useful in checking either the internal thermocouple DC reversal 
characteristic or the frequency response of a device under test. One configuration 
of Model 540B is used for both bench and rack mounting. 

Accessories include A40 Current Shunts for AC/DC current transfer measure- 
ments to 10 amps. and A5S5 Thermal Converters for extension of frequency range 
to 50 MC. 

Voltage range is 0.25 to 1,000 V in 14 ranges and galvanometer resolution is 
0.0012% / scale division at rated input. Dimensions of the cabinet model are seven 
inches high by 17 inches wide by seven and three-quarter inches deep. The rack 


model is two inches wider. 
ENQUIRY 261 
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PROXIMITY SWITCHES 


American - manufactured proximity 
switches marketed in N.Z. by P. H. 
Rothschild function as limit switches, 
positioning controls detection devices or 
sensing elements for all types of counter. 

Each proximity switch consists of a 
central amplifier sensing head and con- 
necting cable. The sensing head detects 
all stationary and moving metals, in- 
cluding non-magnetic, without contact 
and sends an electrical impulse to the 
control amplifier which automatically 
actuates a relay to control electro: 
mechanical or electronic devices. 

Numerous models are produced to 
fill the needs of industry where they 


have countless applications. 
ENQUIRY 253 
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TELEPHONE QS DIVERSION UNIT 


A telephone diversion unit, called 
Divertafon, to be marketed throughout 
the world by an Australian electronics. 
company, can be used without adjustment 
on six different exchange systems and 
fitted to any telephone system in the 
exception of a few in the US. 

It has undergone exhaustive tests by 
the Australian Postmaster General, who 
controls all telephone systems in Aus- 
tralia. 

The instrument can be used with Pre- 
2000, 2000 type, 2000 type line finders, 
Siemens motor driven exchange, L. M. 
Ericsson crossbar type and the French 
Pentaconta system, without any adjust- 
ment being necessary. 

Full details of operation have not yet 
been revealed, but it is known that a 
solid state detector is used to detect in- 
coming calls. This operates a relay to 
start the outgoing call system. At this 
time the outgoing line is examined for 
reverse line pairs, premature reversal 


and dial tone. 
ENQUIRY 175 
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TEN-TRANS 
ATC 

TEN-TRAN 
ATC 
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CHASSIS AND CABINETS 
BLANK CHASSIS 
1S°SIZES 


Blank Chassis with mesh 


cover and base — 4 sizes 
All Ten-Trans products are Miniboxes - 3 sizes 
now manufactured and Unicases % 3 sizes 
distributed by:— 
Amplifier sloping front 
chassis with steel slotted 
Auckland Transformer) | cover and base. 


Co., Lid. | 


| Trade Enquiries 


8 WAIMA STREET 
GREY LYNN, AUCKLAND 


20 EDEN ST., NEWMARKET 
PH. 51-307, 549-280, 544-126 
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RADIO & TELEVISION 


{NTERFERENCE 
Afro tn ps 


and NOISE 


SUPPRESSION 


Mi e——_$—__—_—__. 
OF APPLIANCES 


AND EQUIPMENT 


Mr. Appliance Manufacturer — 
Mr. Dealer — 

We specialize in this tield and 
manufacture a tull range of interference 
suppressor inductors tor use both 
internally and externally on equipment, 

Line cord filters are also available 
in 1, 3 and 6-5 amp. 

Write for illustrated booklet 


Inductance Specialists i 
Cameron Rd. South wlareerton, lauranga 
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DIGITAL VOLTMETER AND 
OSCILLOSCOPE 

Two new instruments have been 
released this year by Advance Electro- 
nics — the DVM1, a digital voltmeter 
with a specification that includes facil- 
ities for dc and ac measurement, and 
the OSI1S5 — an oscilloscope aimed at 
the educational field and for general 
purpose use in industrial applications. 

The DVM1 provides facilities for dc 
measurement from ImV to 2000V dc 
as well as ac measurement from 1ImV 
to 1000V. This is an instrument with 
a fully solid state circuit with mechanical 
operation limited to the front panel 
controls only, giving a high reliability 
and fast conversion time. 

The OS15 oscilloscope is designed for 
simple operation in the range DC-3Mc/s 
and with fully calibrated controls. Be- 
cause it is most suited to educational 
needs, Advance are offering it at a special 
price to educational establishments. Ser- 
vicing of the OS15 is also simplified be- 
cause only one type of valve is used 
throughout and the majority of the com- 
ponents are mounted on a single printed 


circuit board. 
ENQUIRY 254 
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TELEMETRY AND REMOTE 
CONTROL SYSTEM 
A telemetry and remote control 
system worth more than £20,000 has 
been ordered in Britain by the Wrexham 
and East Denbighshire Water Company 
for the first stage of a programme for 
centralised control and supervision of 
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its area. The equipment provided will 
cover a number of out-stations, includ- 
ing pumping stations and reservoirs. The 
remote control, supervisory and_ tele- 
metry equipment to be installed will en- 
able out-stations to be monitored and 
controlled from a control centre being 
established at the company’s Wrexham 
headquarters. There is also provision 
for local control at remote points. In- 
formation and control signals will be 
transmitted between the control centre 
and the out-stations over G.P.O. rented 
lines. 

‘ ENQUIRY 265 
LOW-COST 2-MC CPS PUSH 
SOLID-STATE COUNTER 

The 2-mc model 6020 preset counter 
from the Berkeley Division of Beckman 
Instruments Inc. performs accurate mea- 
surements of physical quantities directly 
in engineering units such as rpm, pres- 
sure, flow, etc. The desired conversion 
factor can be selected through the com- 
bined use of a 5-decade preset selector 
and multiplier from 10 microseconds to 
100 seconds 


The preset selector provides 5 decades 
for selecting any number from 1 to 
100,000 which in turn can be multiplied 
by 1, 10 or 100 with the multiplier 
selector. The combined use of preset 
selector and multiplier provides a wide 
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choice of gate times, timing and count 
multiples and the advantage of a preset 
output for external control indication 
or simulation application. 
Low-frequency measurements can be 
made by timing up to 107 periods with 
10 microsecond resolution. With the 
two inputs provided, two frequencies up 
to 2-me can be measured simultanously 
for ratio determination. By selecting 
multiples of the lower frequency up to 
107, ratio measurements are made with 


a high degree of accuracy. Random 
events of up to 107 counts can be 
totalled. 
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PLUG-IN SWEEP GENERATORS 


The N.Z. agent for Teltronics has an- 
nounced a complete line of small light 
sweep generators that attach directly to 
most oscilloscope front panels. These 
Micro-Sweeper units will sweep IF and 
FM stages for alignment and wideband 
amplifiers. They are useful in the field 
as test equipment for both sweep work 
and as fixed RF generators. Cables and 
batteries are unnecessary; the unit is 
operable immediately it is plugged into 
an oscilloscope. 

Three models are available, covering 
.15 and 115 mc; three overlapping bands 
each. Each unit has an independent 
sweep width control and independent 
centre frequency control. Fully tran- 
sistorised the Micro-Sweepers have 
printed circuit boards and removable 


back covers. 
ENQUIRY 257 
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NEW TRIMMING POT MOUNTING 
STYLES 


Models 61SB and 61SG are panel 
mounting versions of the 4 inch dia- 
meter Helitrim Model 61 trimming 
potentiometer. Cermet resistance ele- 
ment offers essentially infinite resolution 
with a % watt power rating at 85°C, 
derating to 0 at 150°C. Eighteen 
standard resistances from 10 ohms to 1 


megohm are available. 
ENQUIRY 258 
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DATA GENERATOR 


Model 206M data generator provides 
six channels of serially programmed 
pulse outputs in NRZ or RZ (variable 
width) format with 72 bits per channel 
and independent delay, width, and amp- 
litude for each channel. Auxiliary sync 
pulses, clock pulses, and command 
functions available permit test and 
evaluation of a wide range of high speed 


tape and memory devices, and other 
multi-channel pulse equipment. Internal 
clock rate is continuously variable from 
2 cps to 2 Mc. Provision is made to 
slave the unit to an external signal 
source, and a single clock may be 
generated for each operation of a front 
panel push-button. 


Six channels of serial data are avail- 
able with one independently variable out- 


put provided for each. 1/0 content of 
each bit in each channel, up to 72 bits, 
may be independently toggle switch pro- 
grammed. Serial word length is select- 
able from 1 to 100 serial bits. Serial 
words may be repeated continuously, 
or recycled manually by panel push- 
button, or by initiation of external com- 
mand signals. Data format is independ- 
ently selectable for each channel as NRZ 
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or Variable Width. Data delay is in- 
dependently controllable for each chan- 
nel as zero, or continuously variable 
from less than 50 nanosec to 5 millisec. 

Sync Output is positive 6v pulse, ap- 
proximately 50 nanosec wide, with 1009 
source impedance. Clock Sync occurs 
at the data rate. Bit No. 1 Sync occurs 
coincident with the first bit in each 
word. 

Dimensions: 19”W x 19-1/4”H x 22”D 
relay rack mounted. Weight: approxi- 
mately 40 lb. Power required: 105v to 
125v ac, 50/60 cycles, approximately 
100w. New Zealand agents offer service 
calibration facilities. — 

ENQUIRY 259 
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NEW TELEQUIPMENT 
OSCILLOSCOPE 


The AWA Telequipment oscilloscope, 
type D53 accommodates all the 43 range 
of amplifiers, together with two new 
amplifiers which will offer signal delay 
on both beams; these are to be known 
as CD and HD amplifiers (these latter 
amplifiers cannot be used in the 43 
series). The type D53 is a double-beam 
oscilloscope with interchangeable ampli- 
fiers and time bases. 

The CD and HD amplifiers will be 
the same price as the C and H ampli- 
fiers respectively. Production of this 
oscilloscope is scheduled for March 
1966. Initial availability from AWA 
will be against firm orders, and subject 
to an import licence being granted. 
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A full range is always in stock 


Neeco carry a wide range of radio valves in stock — including 
all wanted types of the world-famous R.C.A., AWV_ and 
Telefunken ranges. 


Neeco aiso specialise in such components as semi-conductors, 
diodes and transistors. Get the components you want—when you 
want them !— through Neeco’s unsurpassed service to the trade. 


If it’s ELECTRICAL it’s at N FE FE C O 


Distributed by 
Neeco Wholesalers Ltd. 
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PHILIPS 


NO SHIELD 


Direct Visionis, in fact, an entirely newconceptin picture 
tube design. It is a practical application of the principle 
of integral protection, the outcome of years of original 


research. 
P Direct Vision eliminates the need for any protective 
shield so that a constantly brighter and sharper picture 


is obtained. This is due to freedom from multiple reflec- 
tions which spoil contrast, and freedom from inaccessible 
dust on the tube face. 

Because of its special construction the tube can be 
handled with complete confidence. 

The integral mounting lugs, another outstanding feature 
of the tube, offer great simplification both in the manu- 
facture and servicing of television receivers. More than 
this Direct Vision opens up new possibilities in set styling. 
Its favourable weight distribution ensures utmost set- 


bo hy fi Li ip &. stability, which is of special importance with a view to 
advanced designs. 
ie IN the most advanced picture tube in the world 


